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Chronic Obstructive Pulmonary Disease (COPD) and Asthma affect up to 400 million people 
worldwide, and almost half of these patients have poor disease control. The elderly are more 
vulnerable to exacerbations, and that is due to the presence of comorbidities and frequent 
inhaler misuse. Educational programmes may reduce exacerbation risk, but its real impact on 
clinical outcomes is still unknown, as well as the main factors associated with individual risk. 
This thesis aims to evaluate the impact of inhaler technique performance on major outcomes 
in elderly patients and to identify their principal potential predictors. 
Several methods were performed: A systematic review with meta-analysis focusing on 
interventional studies with inhaler education and clinical outcomes was carried out; through 
its results, a cost-effectiveness analysis was performed, estimating potential cost-savings and 
available budget for educational interventions; In addition, a cross-sectional study was 
performed, aiming to identify major predictors of inhaler performance and clinical risk. 
Several variables were collected as predictors, as well as the main clinical outcomes; finally, 
we designed a protocol for a randomised, single-blinded clinical trial, aiming to test the 
impact of a teach-to-goal placebo device education programme on clinical outcomes, in a 
one-year follow-up, versus "usual care". 
The systematic review with meta-analysis collected data from eight interventional studies 
and a significant reduction in exacerbation risk of 29% (95% CI=14-41) was observed in the 
clinical trials. From the cost-effectiveness perspective, the affordable budget for educational 
interventions was estimated to be up to 1800 euros per patient per year, and the estimated 
average savings is 311.88 euros per patient per year, which may represent up to 131 million 
euros for the whole National Health Service. The cross-sectional study was performed with 
130 elderly patients, with a mean age of 74.4 (± 6.4) years. The prevalence of errors in the 
inhaler technique was 71.6% (95% CI: 64-78.5) and that of critical errors was 31.1% (95% CI: 
24-38.8). Major predictors of inhaler performance were: cognitive performance, adherence 
index, male gender, having previous education with placebo device performed by a physician, 
the existence of allergies or comorbidities with respiratory impact, active smoking and 
depression. The main predictors of symptoms control were: having previous teaching of 
inhaler technique delivered by a physician, smoking load, anti-influenza vaccination, 
depression, respiratory comorbidities, and educational level. Lung function was associated 
with smoking load, as well as presence of errors in drug activation and absence of end pause. 
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Our results suggest that interventions with inhaler technique education can significantly 
reduce the risk of exacerbations in elderly patients with Asthma or COPD, and are cost-
effective. Moreover, it is possible to identify patients who are at greater risk of misusing their 
devices, and also have an increased risk of poor outcomes. However, causal studies with 
longitudinal designs and well-designed clinical trials should be carried out to clarify the major 























A Doença Pulmonar Obstrutiva Crônica (DPOC) e a Asma afetam até 400 milhões de pessoas 
em todo o mundo, e cerca de metade dos doentes têm a doença mal controlada. Os idosos 
são mais vulneráveis a exacerbações, e isso deve-se à presença de comorbilidades e 
frequentes erros no uso dos inaladores. Os programas educacionais podem reduzir o risco de 
exacerbação, mas o seu real impacto nos resultados clínicos ainda é desconhecido, assim 
como os principais fatores associados ao risco individual dos doentes. Esta tese tem como 
objetivo avaliar o impacto da performance da técnica inalatória nos principais parâmetros 
clínicos em doentes idosos e identificar seus principais preditores. 
Vários métodos foram usados: Realizou-se uma revisão sistemática com meta-análise sobre 
estudos intervencionais com ensino da técnica inalatória nos parâmetros clínicos. Através dos 
seus resultados, foi realizada uma análise de custo-efetividade, estimando potenciais 
poupanças de custos e de orçamentação disponível para intervenções educativas. Além disso, 
foi realizado um estudo transversal, com o objetivo de identificar os principais preditores da 
performance da técnica inalatória e do risco clínico. Diversas variáveis foram recolhidas como 
preditores, assim como os principais parâmetros clínicos. Finalmente, desenhou-se um 
protocolo para um ensaio clínico aleatorizado, de ocultação simples, com o objetivo de testar 
o impacto de um programa de ensino por treino com dispositivos placebo nos parâmetros 
clínicos, ao longo de um ano, comparando com “ambiente real” (usual care). 
Na revisão sistemática com metanálise recolheram-se dados de oito estudos intervencionais, e 
nos ensaios clínicos observou-se uma redução significativa no risco de exacerbações de 29% 
(IC95% = 14-41). Na perspetiva da relação custo-efectividade, o orçamento disponível para 
intervenções educacionais foi estimado em 1800 euros por doente por ano, e a poupança 
média estimada é de 311,88 euros por doente por ano, o que pode representar 131 milhões de 
euros para todo o Serviço Nacional de Saúde. O estudo transversal foi realizado com 130 
idosos, com média de 74,4 (± 6.4) anos. A prevalência de erros na técnica inalatória foi de 
71,6% (IC95%: 64-78,5) e de erros críticos foi de 31,1% (IC95%: 24-38,8). Os principais 
preditores de desempenho do inalador foram: desempenho cognitivo, índice de adesão, sexo 
masculino, ensino prévio com dispositivo placebo realizada por um médico, a existência de 
alergias ou comorbilidades com impacto respiratório, tabagismo ativo e depressão. Os 
principais preditores do controle dos sintomas foram: receber ensino prévio de técnica 
inalatória de um médico, carga tabágica, vacinação antigripal, depressão, comorbilidades 
respiratórias e escolaridade. A função pulmonar foi associada à carga tabágica, assim como à 
presença de erros na ativação do fármaco e à ausência de apneia final. 
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Estes resultados sugerem que as intervenções com ensino da técnica inalatória podem reduzir 
significativamente o risco de exacerbações em doentes idosos com Asma ou DPOC e são custo-
efetivas. Além disso, é possível identificar pacientes com maior risco para o uso indevido dos 
dispositivos, bem como para um maior risco de desfechos clínicos adversos. No entanto, 
devem ser realizados mais estudos longitudinais de causalidade e ensaios clínicos bem 
desenhados, de modo a esclarecer os principais preditores do risco individual, bem como o 
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A Doença Pulmonar Obstrutiva Crónica (DPOC) e a Asma são as principais doenças 
respiratórias crónicas e afetam cerca de 400 milhões de pessoas em todo o mundo. 
Aproximadamente metade destes doentes apresenta a sua doença mal controlada, estando 
com sintomas persistentes, o que lhes confere um risco acrescido de exacerbações e eventos 
adversos, que muitas vezes colocam a vida em risco. O tratamento da Asma e da DPOC 
assenta essencialmente na terapia inalatória, que dirige os fármacos diretamente para as vias 
aéreas. No entanto, a maioria dos doentes não usa corretamente os seus inaladores, 
comprometendo a eficácia terapêutica e o controlo clínico. Muitos estudos têm sugerido que 
o bom uso dos dispositivos inalatórios está associado a menor risco de exacerbações e 
menores custos de saúde. 
Os idosos apresentam maior vulnerabilidade para os eventos adversos associados a Asma e 
DPOC, e isso deve-se a presença de comorbilidades frequentemente associadas, mas também 
a maior prevalência de erros na técnica inalatória. O correto uso dos dispositivos pode ser 
ensinado aos doentes através de diversas ferramentas, como folhetos, vídeos ou treino 
prático por dispositivos placebo, mas o seu real impacto nos resultados clínicos ainda é 
desconhecido. Por outro lado, é ainda difícil em ambiente real identificar os doentes de 
maior risco e que devem ser alvo de intervenções personalizadas e prioritárias, quer no que 
diz respeito ao risco de má técnica inalatória quer no que concerne ao risco de pior controlo 
da doença e consequentes exacerbações. 
Esta tese tem como objetivos gerais avaliar o impacto da técnica inalatória e do seu ensino 
personalizado, em idosos com Asma ou DPOC, bem como identificar os principais preditores 
de má performance da técnica inalatória e de acrescido risco clínico. 
 
Para o alcance dos objetivos propostos foram realizadas tarefas em 3 principais fases, através 
dos seguintes métodos: 
 Numa primeira fase realizou-se uma revisão sistemática com meta-análise, abordando 
estudos com intervenções de ensino da técnica inalatória aos idosos com Asma ou 
DPOC, e medindo o seu impacto em resultados clínicos. Para tal realizou-se uma 
pesquisa bibliográfica abrangente, selecionando estudos intervencionais aleatorizados 
e não aleatorizados, independentemente do método de ensino da técnica inalatória 
usado, e definindo como resultados principais o controlo clínico de sintomas, a 
qualidade de vida, a função pulmonar e a taxa de exacerbações. Utilizaram-se as 
recomendações PRISMA para a avaliação dos resultados obtidos. Através dos 
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resultados da revisão sistemática sobre o impacto no risco de exacerbações, 
nomeadamente na redução do risco relativo, realizou-se uma análise de custo-
efectividade na perspectiva do prestador de cuidados. Para tal, usou-se um modelo 
de árvore de decisão, com uma adaptação ao cenário Português, nomeadamente nos 
custos associados à hipotética intervenção e aos resultados medidos. Elaborou-se um 
modelo de intervenção baseado em consulta médica e de enfermagem, de frequência 
anual e que inclui ensino da técnica inalatória bem como avaliação clínica e funcional 
dos doentes. Avaliou-se o seu potencial impacto económico em termos de poupanças 
estimadas e de orçamentação disponível para a intervenção. Realizou-se ainda uma 
análise de sensibilidade para definir limiares de confiança para o melhor e pior 
cenário, em função dos intervalos de confiança de todos os dados e estimativas 
usadas. 
 Numa segunda fase, realizou-se um trabalho de investigação original e transversal, 
com idosos com Asma ou DPOC e acompanhados em Cuidados de Saúde Primários. Os 
principais objetivos foram identificar os preditores de performance da técnica 
inalatória e de risco clínico. Para tal estimou-se uma amostragem necessária de 130 
participantes, com representatividade estatística suficiente para garantir a robustez e 
os pressupostos necessários à modelação multivariada. Como preditores possíveis 
identificaram-se e recolheram-se diversas características base de natureza 
sociodemográfica, clínica e pessoal, bem como dos principais indicadores de 
performance da técnica inalatória, avaliada por listas de verificação validadas. Como 
potenciais resultados de medida, identificaram-se os principais indicadores de 
controlo clínico, qualidade de vida, controlo funcional respiratório e a história de 
exacerbações prévias. 
 Finalmente, e em face dos principais resultados e conclusões previamente recolhidas, 
desenhou-se um protocolo de ensaio clínico aleatorizado e com ocultação simples. 
Este estudo terá como objetivo testar um programa de ensino da técnica inalatória, 
recorrendo a treino prático com dispositivos placebo, ao longo de um ano de 
acompanhamento, com intervenção realizada aos 0, 3 e 6 meses. O braço de 
intervenção será comparado com o braço de “ambiente real” (usual care), de modo a 
avaliar o seu impacto no controlo de sintomas, na qualidade de vida, na função 
pulmonar e no risco anual de exacerbações. Para este estudo estimou-se uma 
amostragem de 146 participantes (73 em cada braço), que permitirá detetar uma 
redução de forma estatisticamente significativa de 50% na taxa de exacerbações 
anuais. O estudo terá ocultação simples dos participantes e contará com diversas 
medidas de controlo de viés e contaminação, nomeadamente através da duplicação 
da equipa de investigadores, ocultando a recolha de dados, bem como através da 
minimização do efeito Hawthorn e através de análises interinas. 
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A revisão sistemática com meta-análise recolheu dados de quatro ensaios clínicos 
aleatorizados e quatro estudos intervencionais de desenho pré-pós, envolvendo mais de 
1800 participantes. Em todos os estudos foi realizada intervenção com ensino da técnica 
inalatória, sendo o mais frequente método usado o treino prático por dispositivos 
placebo. Em praticamente todos os estudos foram incluídos outros aspetos para além do 
ensino da técnica inalatória isolado, como o ensino de autogestão da doença e a evicção 
de fatores desencadeantes das exacerbações. Dos ensaios clínicos (estudos aleatorizados) 
obteve-se uma redução significativa no risco de exacerbações anual de 29% (risco relativo 
estimado=0.71, IC95%=0.59-0.86; p<.001), mas não na melhoria do controlo sintomático, 
da qualidade de vida ou da função pulmonar. Esta redução do risco relativo de 
exacerbações, quando extrapolada para uma análise de custo-efectividade, revelou ser 
custo-efetiva. No melhor cenário, estimou-se uma orçamentação disponível para 
intervenção educativa até 1800 euros por doente por ano, de acordo com os custos 
reportados em Portugal. Em termos globais, será possível aplicar para intervenções 
educativas até 22% dos custos das exacerbações, e isto é aplicável em qualquer país. A 
poupança média estimada com o modelo de intervenção desenhado é de 311.88 euros por 
doente por ano, o que pode representar até 131 milhões de euros no serviço nacional de 
saúde português. O rácio incremental de custo-efectividade em Portugal varia entre 93.73 
e 437.43 euros, por cada exacerbação evitada. 
O estudo de investigação exploratório transversal foi realizado com 130 participantes 
idosos com Asma ou DPOC, com uma média de idades de 74.4 (±6.4) anos. A prevalência 
de erros na técnica inalatória foi de 71.6% (IC95%: 64-78.5) e de erros críticos foi 31.1% 
(IC95%: 24-38.8). Os dispositivos pressurizados de dose calibrada (pMDI) foram os que mais 
erros críticos revelaram. 82.3% dos participantes apresentavam comorbilidades e mais de 
metade tinham doença em estadio moderado a severo, de acordo com as classificações 
internacionalmente consensuais. Na modelação estatística multivariada, os principais 
preditores de performance da técnica inalatória identificados foram: a performance 
cognitiva, o índice de adesão à terapêutica, o género masculino, a existência de ensino 
prévio através de treino prático com dispositivos placebo realizada por médico, a 
existência de alergias ou comorbilidades com impacto respiratório, o tabagismo ativo e a 
depressão. Os principais preditores do controlo clínico de sintomas foram: a existência de 
ensino prévio da técnica inalatória por médico, a carga tabágica em unidades/maço/ano, 
a vacinação antigripal, a existência de depressão, de comorbilidades respiratórias e o 
nível de educação e escolaridade. A função pulmonar associou-se de forma significativa à 
carga tabágica, bem como à existência de erros na ativação da dose do inalador e à 
ausência da apneia final após a inalação. 
Já em relação ao ensaio clínico proposto, este procurará esclarecer o verdadeiro impacto 
que o ensino da técnica inalatória, por dispositivos placebo, terá na redução de 
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exacerbações e na melhoria do controlo clínico dos doentes idosos com Asma e DPOC. 
Espera-se com estes resultados confirmar o benefício deste método de ensino, tornando 
possível aprimorar as recomendações de prática clínica, dirigindo estratégias 
educacionais mais eficazes a estes doentes. 
 
Os resultados dos trabalhos desenvolvidos nesta tese revelam que as intervenções que 
incluem ensino de técnica inalatória aos doentes são eficazes, podendo reduzir 
significativamente o risco de exacerbações nos idosos com Asma e DPOC. Apesar disto, é 
recomendável que as mesmas incluam outras dimensões de educação e capacitação dos 
doentes, uma vez que faltam estudos que avaliem o verdadeiro impacto do ensino da 
técnica inalatória como intervenção isolada. Por outro lado, estas intervenções são custo-
efectivas, havendo confiança para a sua implementação em terreno real e de forma 
sistemática, através de consultas regulares com médicos e/ou enfermeiros, uma vez que 
permitem gerar poupanças significativas. Para além disso, é possível identificar os 
doentes que estão em maior risco para o mau uso dos dispositivos e para piores resultados 
clínicos, devendo ser alvo de intervenções personalizadas. Assim, são de destacar os 
doentes idosos que têm função cognitiva comprometida, baixa escolaridade, alergias ou 
comorbilidades com impacto respiratório, que nunca tenham recebido ensino prévio da 
técnica inalatória, que tenham antecedentes tabágicos e que demonstrem erros críticos. 
Apesar disto, os fatores determinantes para classificar o risco individual destes doentes 
deverão ser explorados em estudos de causalidade com desenhos longitudinais, uma vez 
que diversos fatores de confundimento podem estar envolvidos. Também, o verdadeiro 
impacto das intervenções educativas com ensino da técnica inalatória de forma isolada 
ainda está por determinar, tal como a diferença de eficácia entre diferentes métodos de 
ensino. Estes aspetos são particularmente importantes em doentes idosos, pelo seu 
acrescido risco, e devem ser alvo de testes em ensaios clínicos bem desenhados com 
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“…the most expensive inhaler is the one that is not used correctly” 
- The Aerosol Drug Management Improvement Team 
 
1.1 The burden of Asthma and COPD 
Human health has experienced major shifts in the last hundred years, in a tremendous 
epidemiological revolution (1). Chronic conditions took their place among the main health 
priorities, overcoming infectious diseases as the main causes of death. This was mostly due to 
better lifestyle conditions, better sanitation, better health care resources, and also, to the 
ageing of population in most countries. 
Respiratory diseases currently account for one of the most important causes of death 
worldwide. Most of that phenomenon is due to lower respiratory infections, but also to the 
increasing prevalence and incidence of chronic conditions, such as Asthma and Chronic 
Obstructive Pulmonary Disease (COPD). The last report of the World Health Organization 
(WHO) on the global burden of diseases pointed out that near 7% of all deaths are due to 
respiratory diseases, and COPD leads this subset right after infectious diseases (2). Asthma 
and COPD together affect more than 300 million people worldwide and near 40 million in 
Europe, and those numbers kept arising in the last few years. Asthma and COPD are both 
within the ten main causes of years of life lost, and 13% of those patients have moderate or 
severe disability, which has significant impact on people’s quality of life and also on health 
services’ burden. A recent report from the Institute for Health Metrics and Evaluation 
reaffirms such findings (3). 
Figure 1.1.1 present the main leading causes of burden of diseases in terms of Disability 
Adjusted Life Years (DALYs), with a perspective from 2014 and an estimation to 2030. COPD 
currently represents the thirteenth leading cause of burden of diseases, with 2% of total 
DALYs, but it should be highlighted that it is estimated to rise up to nearly 4%, right to the 
top five, in the next few decades. Nevertheless, lower respiratory infections will drop from 
the leading cause of disability to the sixth position, with a decrease of 3% on its quota. These 
changes highlight the epidemiological shift that will happen in the next few years, and other 
diseases are following the same pattern, such as mood disorders, cardiovascular and 
cerebrovascular diseases, diabetes and also some sensorial diseases, such as hearing loss and 
refractive errors.  
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Figure 1.1.1 - Ten leading causes of burden of disease, worldwide, at 2004 and 2030. 
Adapted from The Global Burden of Disease – WHO (2). 
 
The burden of Asthma and COPD embraces several dimensions of disability and complications. 
According to a recent report from the Organisation for Economic Co-operation and 
Development (OECD) (4), in 2015 Asthma and COPD were responsible for almost 240 hospital 
admissions/100.000 inhabitants. Although Portugal has a lower rate of 74 admissions/100,000 
inhabitants, in some countries those numbers rise to nearly 430 (Figure 1.1.2). 
Asthma and COPD are associated with significant risk of adverse outcomes and death. In 
Portugal, in 2009, respiratory diseases were responsible for more than 83.000 hospitalisations, 
which represent 14% of total admissions and for about 10% of all deaths (5, 6). Asthma, COPD 
and rhinitis altogether affect up to 40% of the population. The standardised death rate for 
COPD in Portugal is nearly 18/100,000 inhabitants, slightly below the OECD mean, and has 
been diminishing in the last few years (7). However, it is still responsible for 20% of all deaths 
from respiratory causes. The mean age of COPD patients increased 2 years in the past decade, 
and that is mainly due to the ageing population in Portugal (6). These patients are frequently 
undiagnosed in Primary Health Care, and only 10% of those diagnosed have a confirmatory 
spirometry. In Asthma, the hospital admissions rate is nearly 26.8/100,000 inhabitants (8), 
but it causes only 1% of all deaths from respiratory causes. Regarding the elderly, Portugal 
has the second highest mortality rate from respiratory diseases, with more than 500 deaths 
per 100,000 habitants (5), which represent up to 130 years of life lost per 100,000 
inhabitants. Hospital admissions carry a significant economic burden, with a total net 
expenditure of €213 million every year in Portugal. Treatment of respiratory diseases 
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accounts for 7% of the total public budget of the National Health Service, and most of it is 
due to acute care (5). It is estimated that Asthma and COPD represent a total cost up to €4 
billion in Europe (9, 10), and COPD only may account for 50% of all respiratory treatment 
costs (11). In Portugal, regular treatment of a patient with COPD costs up to €1500 every year 
(7) and with an Asthma patient a mean of €1200 (12). Asthma alone leads to a total 
expenditure of almost €400 million in Portugal, and one third of it is due to acute care (13). 
 
Figure 1.1.2 - Asthma and COPD hospital admissions in adults, 2015 (or nearest year). 
Adapted from Health at a Glance – OECD (4). 
 
The definition of Asthma and COPD, as well as their clinical staging, has been under several 
reviews over time, under the light of new evidence on its pathogenesis, endotypic and 
phenotypic features. Both rest on the same basis, an inflammatory component with varying 
features but involving subsequent airway obstruction. However, Asthma and COPD differ in 
clinical presentation, although such difference may be less apparent in elderly patients. 
According to the Global Initiative for Asthma (GINA) 2018 Report (14), Asthma is an 
"heterogeneous disease, usually characterized by chronic airway inflammation. It is defined 
by the history of respiratory symptoms such as wheeze, shortness of breath, chest tightness 
and cough that vary over time and in intensity, together with variable expiratory airflow 
limitation". It can manifest itself in several clinical phenotypes, but such classification has 
not reached a full consensus so far since different parameters have been used for definition 
of clinical/functional phenotypes, and other definitions of phenotypes on the basis of the 
presence or absence of atopy, features of inflammation, types of triggers, age of onset or 
other have also been put forward. Clearly, future studies will further address the issue of 
classifying patients into multiple phenotypic clusters, which may be helpful to adequately 
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tailor treatments. The worldwide prevalence of Asthma is nearly 10%, but it may reach 18% in 
some countries (14).  A recent national survey in Portugal estimated a prevalence of 6.8% of 
Asthmatic patients, which represents nearly 700,000 people, but lifetime Asthma prevalence 
may reach 10% (15, 16), as reported worldwide. However, real data from Portugal, and 
according to clinical primary health care records in the Portuguese National Health Service, 
show that only 2% of the population is documented as having Asthma, which suggests 
widespread underdiagnosis (5). 
COPD, according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) (11), is 
a "common, preventable and treatable disease that is characterised by persistent respiratory 
symptoms and airflow limitation that is due to airway and/or alveolar abnormalities usually 
caused by significant exposure to noxious particles or gases".  COPD definition seems more 
accurate and objective than Asthma, giving a greater importance to persistent symptoms and 
airflow limitation, which may be intermittent in Asthma, as well as to a previous and chronic 
respiratory exposure, such as to smoke and heavy particles. COPD classification has been 
under recent review, and it now includes four different grades, according to three main 
aspects: symptomatic control, airflow limitation and previous history of exacerbations. 
However, airflow limitation has lost some importance to the other two. COPD affects more 
than 380 million people, with a global prevalence estimated in 11.7%; however, most reports 
show a prevalence of less than 6%, which also suggests clear underdiagnosis (11). The same 
phenomenon occurs in Portugal. A recent study estimated a prevalence up to 14.2% in 
patients above 40 years old (17); however underdiagnosis may reach up to 86% of patients, 
because only near 1% of the population is correctly identified (5). 
Nevertheless, there are a few subsets of patients in whom the diagnosis is still difficult to 
establish, because they often present symptoms of both Asthma and COPD. Frequently this 
happens with smokers or older adults, or even with foreign Asthma patients that spent many 
years with their disease uncontrolled, due to smoking or exposure to noxious gases. This is 
called the Asthma-COPD Overlap (ACO) (18), and it is more than a simple disease itself. For 
this reason, GOLD and GINA have recently released a consensus report establishing its 
definition as being “characterised by persistent airflow limitation with several features 
usually associated with Asthma and several features usually associated with COPD. ACO is 
therefore identical in clinical practice by the features that it shares with both Asthma and 
COPD”. These patients usually need to be treated with approaches from both diseases, 
combining inhaled corticosteroids (more relevant in Asthma) and bronchodilators (more 
relevant in COPD). The underlying mechanisms of ACO are still largely unknown, but these 
patients present a higher clinical risk for exacerbations and adverse outcomes. The global 
prevalence of ACO is estimated to vary between 15% and 55%, according to different studies 
(18). 
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Etiological factors and triggers 
The onset of Asthma and COPD can be due to many different etiological factors (see figure 
1.4.1 further), and some are closely related to primordial prevention features, such as 
outdoor and indoor dust exposure, air quality and smoking policies (6). In fact, in Portugal air 
quality is considered good, overall, but only 20% of the population is under an acceptable 
monitoring system, which makes them more vulnerable to such exposure. Smoking is also 
known to be a strong trigger of Asthma and COPD burden. In Portugal, smoking rate is about 
20%, slightly below the European average, which, to some extent, may explain the lower 
disease prevalence. In addition, it should be considered that elderly people in Portugal, 
mainly those living in rural areas, were under significant exposure to fumes, due to the 
regular use of home fireplaces and firewood for heating and cooking purposes. 
In Asthma, in particular, a significant role for gene-environment interactions on disease onset 
has been demonstrated, and most of those interactions may occur in early life or even in-
utero (14). Some of the involved factors are related to nutrition, early allergen exposure, 
pollutants, microbes and psychosocial triggers. In addition, other factors may contribute to 
worsening of symptoms or exacerbations, such as smoking, low pulmonary function, obesity, 
economic difficulties, allergies and frequent previous exacerbations. Comorbidities may also 
play a role in this continuum, namely gastroesophageal reflux, depression and anxiety, 
rhinitis (mainly allergic rhinitis), sinusitis and nasal polyposis. 
There are many aetiological factors that are both related to Asthma as to COPD, but in COPD 
some specific ones may be involved, such as alpha-1 antitrypsin deficiency and lung growth 
and development (11). In addition, several factors may worsen clinical control, such as 
smoking, occupational and environmental exposure to noxious gases, or even comorbidities, 
such as cardiovascular diseases (heart failure, ischaemic heart disease, arrhythmias, 
peripheral arterial disease and hypertension), skeletal muscle dysfunction, metabolic 
syndrome (such as diabetes), osteoporosis, anxiety, depression, gastroesophageal reflux, 
bronchiectasis, sleep apnoea syndrome and lung cancer. 
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1.2 Disease control and exacerbations 
Many patients with Asthma or COPD present frequent symptoms, revealing poor clinical 
control (11, 14). However, defining good clinical control and disease severity is also difficult 
since these semiological concepts have been changing over time. GINA defines Asthma 
severity and clinical control based upon the prescribed treatment step in five major classes, 
and this is now considered the gold standard for use in clinical practice and in epidemiological 
studies (14). This is based on the assumption that patients are prescribed the best treatment 
option, and thus, a “difficult-to-treat and severe” (or difficult-to-manage) Asthma is the one 
that keeps revealing daily symptoms or regular exacerbations, despite optimal therapy with 
high doses of inhaler corticosteroid plus a long-acting bronchodilator and a proper 
management of comorbidities. These patients frequently experience exacerbations that could 
be life-threating, and according to GINA (14), these are “episodes characterized by a 
progressive increase in symptoms of shortness of breath, cough, wheezing or chest tightness 
and progressive decrease in lung function (…) that is sufficient to require a change in 
treatment”. Exacerbations usually occur in response to an external trigger or agent, and 
usually assume different terminologies in clinical practice, such as “flare-up”, “episode” or 
“attack”. 
The definition of clinical control in COPD is also difficult, but globally it is similar to Asthma, 
as a result of a comprehensive approach to chronic obstructive diseases as a whole. According 
to GOLD, clinical control of COPD should be based on several features, such as the presence 
of symptoms, the frequency of exacerbations and the grade of airway obstruction. COPD 
exacerbation is also life threating, and GOLD defines it as “an acute worsening of respiratory 
symptoms that results in additional therapy”. Exacerbations can be classified as mild, 
moderate or severe, according to the intensity of the clinical manifestations, the type of 
therapeutic agents used and the need for hospitalisation (11). The main objective of 
treatment of these patients is to maintain good symptomatic relieve, good tolerance to 
exercise, and to prevent lung function decline, future exacerbations and death (14, 19). 
According to a national survey in Portugal, almost half of the Asthmatic patients have their 
disease uncontrolled, but nearly 90% of them think the opposite (20). In 2010, exacerbation 
rates reached about 23% in secondary health care and 3% needed a hospital admission to be 
properly treated. More than one third of these patients had not had any medical appointment 
in the previous year, although it is highly recommended to keep a regular follow-up. The 
Portuguese National Directorate for Health recommends that patients with Asthma should 
have a follow-up appointment every 3 to 6 months, focusing on inhaler technique review, as 
well as on allergen and smoking avoidance (8). It also highlights the role of Primary Health 
Care and Family Doctors in such control. This is in accordance with international 
recommendations (11, 14). Regarding COPD, admission rates in Portugal are significantly 
below the OECD average (71.6 versus 198.4 admissions per 100,000 habitants), and have been 
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decreasing nearly 12% every year (7). Nevertheless, the mean hospital stay time is nine days, 
which may also be due to high prevalence of comorbidities (nearly 37%) and to the ageing 
population (78% of those patients are elderly). Exacerbations in Asthma and COPD lead to a 
significant economic burden on health services. Acute medical care with Asthma may reach 
€200 per patient (13), but in COPD this amount can vary from €50 up to €6,000 per patient (7, 
21). 
 
The continuum of exacerbations and lung function 
Exacerbations in Asthma and COPD are very complex events, because many 
pathophysiological mechanisms lay underneath them. In fact, due to the different endotypic 
and phenotypic presentations of such patients, is has been difficult to clarify all the 
inflammatory pathways of exacerbations and disease progression. In Asthma (14), the main 
pattern lies on acute inflammatory mediators and though activation of cells such as T 
lymphocytes, eosinophils and/or neutrophils. These contribute towards airflow limitations 
and mucus hypersecretion. Differently from COPD, airway remodelling and fibrosis are usually 
absent in most cases of Asthma, and this is usually reversible with proper treatment, since 
the fibroelastic properties of airway’s wall are maintained. However, a subset of these 
patients, mainly those who are non-allergic and smokers, tend to show fixed airflow 
limitation, and some even develop ACO. On other hand, in COPD (11, 22), chronic 
inflammatory mediators are usually present in a more complex setting. A complex protease-
antiprotease imbalance, an increased oxidative stress, as well as the activation of dendritic 
cells, CD8 type T cells and fibroblasts, lead to a progressive airflow limitation and gas 
trapping, which ultimately leads to gas exchange abnormalities, pulmonary hypertension and 
emphysema. 
Several factors may contribute to increased risk of exacerbations, as previously mentioned, 
but the role of smoking (23), poor adherence and poor inhaler technique (14), as well as 
educational and socioeconomic determinants, obesity and being child or elder (20) should be 
highlighted. Health literacy seems to be highly related to adverse outcomes, and some studies 
approaching its true impact start to suggest that this could be even more relevant than 
comorbidities (24). These findings are divergent somehow, because comorbidities also seem 
to worsen dyspnoea in these patients (25), and self-knowledge alone seems to be not enough 
to prevent the onset of new exacerbations in high-risk patients (26). 
Lung function is a dynamic phenomenon, because it naturally changes over time with ageing, 
starting to decline at age 25, and this is more evident in smokers and former smokers (27) 
(Figure 1.2.1). By the older age the normal lung function is significantly compromised, which 
leads to worsening of respiratory symptoms (28). The average decline in Forced Expiratory 
Volume at first second (FEV1) in non-smoking healthy adults is about 15-20 mL/year, but this 
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could be increased in Asthma and COPD (14). In Asthma, this decline is not as marked as in 
COPD, but it could be irreversible in high-risk and uncontrolled patients. In COPD, lung 
function keeps declining even with optimal treatment, and it may be worsened by 
comorbidities (11, 29). Frequent exacerbations lead to progressive and irreversible changes in 
lung structure and lung function, but that is not all, because other systemic complications 
may occur with frequent events. For instance, there is evidence that exacerbations worsen 
cognitive function in elderly patients (30, 31). 
 
 
Figure 1.2.1 - The decline in lung function with age, smoking, and smoking cessation. FEV1 – 
Forced Expiratory Volume in first second. Adapted from Fletcher et al (27). 
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1.3 Inhaler technique performance  
The best way to treat Asthma and COPD is by delivering the drug directly into the lungs via 
inhaler devices. The development of inhaler therapy started many centuries ago, but it was 
near the 19th century that it started to be addressed as a medical device therapy (32, 33). 
Since then, inhaler therapy has evolved significantly, and currently, inhaler devices allow the 
ability to deliver the drug into the lower and upper airways, in accordance with the desired 
effect and location, and by adjusting different particle sizes and kinetics. Today, several 
types of inhalers are available in the market, differing slightly among countries. In Portugal 
(34), the main type of devices may be subdivided according to the physical state of the drug 
and its release form, into (Figure 1.3.1): dry powder inhaler (DPI), soft mist inhaler (SMI), 
breath-actuated inhaler (BAI) and pressurized metered-dose inhaler (pMDI). The last type can 
also be coupled to a spacer (pMDI+S). 
Different aspects should be considered when choosing an inhaler, because all the main inhaler 
technique steps should suit the patient’s profile (35, 36).  The main common steps of inhaler 
technique are: drug activation, previous expiration, drug inhalation and finally an end pause. 
The first problem starts with drug activation, because each inhaler has some specific features 
of drug activation previous to inhalation itself. Although manufacturers usually develop 
instructions for their inhalers, those occasionally differ from the main guidelines, thus 
hampering proper learning by patients (37). This is particularly relevant with DPI, due to the 
recent increase in different available inhalers, and with pMDI, because these need to be 
shaken previously and also because drug release (activation) should be done right after the 
beginning of inhalation (hand-breath coordination). Except when using a pMDI+S, the 
inhalation in all devices should be done after a previous expiration, in order to "create 
available space" in lower airways, and followed by an end pause, in order to allow proper 
sedimentation of drug particles. Nevertheless, each one of these categories has some specific 
features to be considered during inhalation itself. For instance, DPI need a deep and strong 
inhalation, so that bigger particles can disaggregate into smaller ones, during device exit, to 
reach enough speed to carry them through the airways. With the remaining devices (pMDI, 
pMDI+S, SMI and BAI) the inhalation flow should be steady and soft enough to allow 
disaggregation of drug particles from propellant. This will also create a laminar flow as 
particles travel through the airways, thereby minimizing deposition on oropharynx. 
Nevertheless, many patients use more than one single type of device, which makes it harder 
to teach them how to use the inhaler properly (38). In fact, using multiple devices is one of 
the main factors contributing to poor adherence, and that should be checked regularly, since 
many patients do not use their inhalers with the prescribed frequency (14, 39). Adherence is 
also closely related to poor inhaler technique, and teaching inhaler technique itself may 
significantly improve adherence (40). In addition, several studies have shown the impact of 
adherence on clinical control of Asthma and COPD (41), and this is particularly compromised 
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in respiratory diseases, when compared to other diseases (42). Besides, adherence is a key 
factor to exacerbation risk (19, 40, 43) and thus, to its respective economic burden (44). 
Several methods may be used to check inhaler adherence, and new electronic devices have 
arisen with reliable measures to help clinical practice (45). 
 
 
Figure 1.3.1 – Available inhalers in Portugal in 2019. BAI – Breath-actuated inhaler. DPI – Dry 
powder inhaler. pMDI – Pressurized metered-dose inhaler. SMI – Soft mist inhaler. Adapted 
from Aguiar R, et al. (34). 
 
The patient’s perspective 
Inhaler technique performance has been under research for a few decades, and quite early it 
became clear its close relation to adherence, to drug deposition in the lungs and, ultimately, 
to clinical control (46, 47).  Most patients use their inhalers incorrectly, and the prevalence 
of inhaler errors varies significantly across several studies. According to recent systematic 
reviews, it may reach up to 90% in some particular patients and occurs in all different steps of 
inhaler performance (48, 49). Moreover, only 11% of patients receive regular inhaler review 
and 25% have never received proper education (49, 50). Besides the technological evolution in 
inhaler therapy and the emerging of new and more evolved devices, this problem still 
remains, and no improvements have been seen in inhaler performance, in the past few 
decades (51) (figure 1.3.2). 
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Figure 1.3.2 - Evolution of inhaler performance on reported studies over the last 40 years. 
Adapted from Sanchis J, et al. (51). 
 
Inhaler errors contribute to a significant burden on Asthma and COPD management, not only 
in terms of mortality and morbidity, but also economically (52), estimating that it leads to 
almost €800 million spent in Europe annually (10). Inhaler errors, however, are not all the 
same, and some steps seem to be more determinant to reach therapeutic efficacy. These are 
called critical errors, and some studies started to analyse them, pointing out a prevalence up 
to 50% (48, 53). Even though it is not yet clear which errors are the most critical, since they 
also depend on patient's and disease's profile, some have been identified, namely the need 
for a proper hand-breath coordination with pMDI, a sufficient inhalation flow with DPI, and a 
previous expiration (53, 54). 
Many years ago, studies started to compare different inhalers, trying to figure out which ones 
would be better in terms of performance (55, 56). However, growing evidence showed that 
inhaler errors are performed with all of them (57, 58). Some research suggested that DPI may 
be better than pMDI (48, 55, 59-62), but they are also more expensive (63), and pMDI could 
be better used with less critical errors when coupled to a spacer (58). Recent inhalers tried to 
overcome barriers in drug activation steps, making it simpler to perform, and some studies 
suggest they might be better than older ones (64-66).  
It is well established that poor inhaler performance is significantly associated with adverse 
disease outcomes, mainly poor clinical control, lower quality of life and an increased risk of 
exacerbations (41, 67-71). Several studies have tried to identify the major predictors of 
inhaler performance, but the evidence is still scarce and occasionally contradictory. Patients’ 
motivation and preferences may play an important role in that context (60, 72), but that is 
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not clear yet (73). Other potential determinants have been identified, such as: age (61, 74, 
75), gender (76), educational and socioeconomic level (67, 74, 75, 77, 78), living alone (77), 
having comorbidities (77) and being prescribed multiple devices (79). In addition, patients 
who have received previous inhaler education also show better performance (61, 67, 74, 75, 
78). Many of such determinants are both predictors of inhaler performance and of disease 
outcomes, as previously mentioned. This may be due to common causal pathways or 
confounding, and it raises tremendous doubts upon their true causal effect (see figure 1.4.1 
further). 
 
The health professional’s perspective 
Facing the growing evidence regarding poor inhaler use by patients, some studies started 
early on to focus on health professionals, since they are the main drive to provide good 
education, in clinical practice (80-82). The first results revealed that health professionals, 
with no exceptions, also knew little about inhaler technique performance and that is 
sustained by a generalised tendency for them to fail to recognise this problem (83). In fact, as 
this issue started to gain more importance over time, health professionals working directly in 
the respiratory field, such as respiratory therapists (84), pulmonologists (85, 86) and also 
family doctors/general practitioners (86, 87), also improved their knowledge on inhalers. 
Nevertheless, other health professionals still show little knowledge about inhalers, namely 
pharmacists (81, 88, 89), paediatricians (80) and nurses (90). 
Teaching health professionals about inhaler technique seems to result (85), but this 
knowledge is lost after a few months without regular practice (91). Even younger health 
professionals show this lack of knowledge (92), which highlights the need to plan and 
structure an agenda on inhaled therapy education early during undergraduation (93-95). 
 
Inhaler review and education 
Educational programmes with inhaler review started to be under research in the 80's (96-99), 
and since then many prospective studies have been developed to test its impact on main 
outcomes, either with randomised control trials (RCT) or quasi-experimental ones. Most of 
the interventional studies were performed in adults, enrolling so far more than 6,000 
patients, but most of them were designed without blinding, with short follow-ups and 
included other educational features besides inhaler technique alone, such as self-
management plans and disease knowledge. Inhaler technique education has been tested using 
several tools, such as: 
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 Tailored teach-to-goal placebo device training (100-114), which consists of a repeated 
physical demonstration and training of all steps of inhalation, using placebo devices, 
and including feedback. 
 Flyers or booklets with graphical schemes of all steps (99, 115). 
 Showing videos of inhalation steps to patients (116, 117). 
 Placing labels and reminders on the cover of the devices (118). 
 Using interactive and multimedia-based tools (119-121). 
 Using mobile or e-mail reminders (122). 
 
Several studies have compared such methods in terms of inhaler performance itself. Some 
studies suggest that most of them seem to be equivalent (99, 115), but growing evidence 
points out placebo device training and videos as the best ones (98, 100, 106, 116, 123-125). 
Most of the interventions in those studies were performed by doctors, but there are several 
studies which also tested the ability of pharmacists (102-104, 110, 118, 126-129) and nurses 
(100, 121). 
Different outcomes have thus far been addressed by interventional studies besides inhaler 
performance (100, 123) and inhaler adherence (99, 102, 103, 106, 108, 110, 114, 117, 121, 
128-131), namely the most clinically relevant ones, such as lung function (101, 103, 111, 125, 
126, 132-135), symptom control (102-108, 110, 118, 125, 127-129, 133, 136) and quality of 
life (97, 98, 101-103, 105, 108-110, 112, 115, 116, 126, 132, 135). Most of the studies found 
positive results showing that all methods improve clinical outcomes and quality of life. In 
addition, and regarding exacerbations, most of the evidence suggests that the best method 
may be placebo training with reminders, having the potential to reduce the risk (106, 115, 
125, 130, 132).  However, these findings must be taken with caution, because most studies 
had short follow-up periods and several potential biases, such as unblinded designs (137, 
138).  Several studies have highlighted the importance of regular reviews and feedback upon 
inhaler education in patients (97, 135, 139-141), and some guidelines also mention this aspect 
(142, 143). This is particularly important since inhaler performance is lost shortly after 
instructions (61). Different inhalers have also been under cost-effectiveness analysis, and 
some studies suggest that pMDI are less cost-effective that DPI (96, 144-146). However, the 
true cost-effectiveness of inhaler educational programmes is still unclear, mainly regarding 
clinical outcomes (147, 148). 
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1.4 Elderly patients 
In the past few years a significant demographic shift has occurred, mainly due to ageing 
population in developed countries. In Portugal, this reality is particularly relevant, since it is 
one of the most aged countries in Europe (6). In addition, elderly patients with Asthma or 
COPD have higher mortality rates than younger patients, and almost twice the mean hospital 
stay during an admission. Also, almost 10% to 18% of elderly patients tend to have more than 
one hospital admission/year (5). 
GINA and GOLD have also highlighted the importance that elderly patients have (11, 14), not 
only because of their increased risk of mortality, but also due to the significant associated 
morbidity. In addition, elderly patients are frequently underdiagnosed and that could be due 
to several features. First, these patients usually have a low perception of symptoms, and 
frequently have concomitant comorbidities that share similar symptoms (14, 149). In fact, 
associated comorbidities of Asthma and COPD frequently share respiratory symptoms and that 
frequently biases a correct clinical judgment (39). In addition, socioeconomic determinants 
may also play an important role in patients’ empowerment, thereby compromising disease 
diagnosis. On the other hand, the increased decline in lung function in elderly individuals may 
lead to overdiagnosis of COPD (11). 
Most elderly patients with Asthma or COPD have uncontrolled symptoms (28), and this 
highlights the importance of recognising their differences from younger patients. In elderly 
patients, lung function declines faster (28), and the prevalence of comorbidities such as 
depressive states, is significantly higher, and that also contributes to poor quality of life (150, 
151). In addition, exacerbations in the elderly worsen cognitive function, making it harder to 
manage them and to invest in proper education (30). Several factors may be associated with 
poor clinical control and increased risk of exacerbations in the elderly, besides inhaler 
technique performance (152, 153), and cognitive function seems to be one of most 
importance (154). 
 
Inhaler technique performance in the elderly 
Inhaler performance is a major issue in elderly patients, and several studies have shown a 
significant trend to poor inhaler performance as age increases (152, 155-157). In elderly 
patients, error prevalence may reach up to 90%, while in younger patients this varies around 
50% (158). Several factors may be related to inhaler technique performance, as previously 
mentioned, and that has been generating a special interest in elderly patients for some time 
(159, 160). Some of the those predictors may be: age itself (74, 155, 156); gender (160); 
cognitive function (159-164); concomitant comorbidities, depression or frailty, the latter ones 
because they may affect patient’s motivation (160, 164, 165); educational level (74, 76, 166); 
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rurality, socioeconomic status and disease duration (76). Also, having regular appointments 
with a doctor, having received previous education, the type of device (74, 76) and lung 
function itself (164), may be associated with inhaler performance. However, most of such 
assumptions need to be clarified by true causal research, because some studies are 
contradictory, mainly regarding age, gender and educational level (160, 166) in elderly 
patients, as well as the use of multiple devices in adults also(166) (figure 1.4.1). 
 
Inhaler review and education in the elderly 
Regarding the complexity of inhaler performance in elderly patients, some studies started to 
address the impact of inhaler educational interventions upon them, and for the last two 
decades more than 3,100 patients have been recruited into interventional studies. However, 
the same problem arises regarding both adults and the elderly. Most studies were not 
randomised, had short follow-ups, were not blinded in most study design dimensions and 
addressed inhaler technique education not in isolation but in combination with other disease 
knowledge features.  
Several methods were also tested in elderly patients, such as: placebo device training (166-
173); videos (174, 175); flyers/booklets (169, 176-178) and videoconferencing (179). Most of 
the interventions were performed by doctors, but some have also been provided by 
pharmacists (167, 175, 178, 179) and nurses (180, 181). The majority of such studies show 
that interventions seem to improve major outcomes, namely inhaler performance itself (166-
168, 171, 172), adherence (170, 177-179, 182), lung function (169, 176, 177, 182), symptom 
control (170, 174, 175, 181), and quality of life (169, 170, 176-180). Regarding exacerbations, 
most studies showed a significant reduction of risk ratio, but the educational tools used were 
diverse, such as a placebo device training (169, 170) and flyers/booklets (176-178). Teaching 
inhaler technique in the elderly also seems to be cost-effective (183), just as in younger adult 
patients, but more cost-effectiveness analyses are still needed to confirm this issue. 
 




Figure 1.4.1 – Conceptual graph of causal pathways between disease onset, inhaler technique 
performance and disease outcomes in Asthma and COPD. Schema performed according to 
Direct Acyclic Graphs recommendations (184). The single-directional arrows show established 
and suspected causal pathways according to the reported bibliography. The black dashed line 
shows an open pathway between inhaler performance, exposure factors and disease 
outcomes, meaning common true causal inference or potential confounding. AT-Antitripsine. 
*Factors which impact is especially relevant on elderly patients. †Comorbidities identified as 
significant on both Asthma and COPD (rhinitis, sinusitis, nasal polyposis, gastroesophageal 
reflux, obesity, depression and anxiety) and comorbidities identified as significant mostly on 
COPD (cardiovascular disease, lung cancer, osteoporosis, musculoskeletal diseases, metabolic 
syndrome, bronchiectasis, sleep apnoea syndrome). ‡Factors which impact is especially 
relevant on COPD. 
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For many years, considerable attention has been given to inhaler technique performance and 
its characteristics, due to its close relation to clinical outcomes of Asthma and COPD. Growing 
awareness regarding the burden of inhaler technique misuse has driven research on several 
key aspects that were so far ignored. Some of those key aspects rely upon predictors of 
inhaler performance itself, and much of those predictors share common associations with 
clinical features and clinical outcomes, arising many doubts about their true magnitude of 
impact. This issue is particularly relevant in elderly patients, in whom some of those potential 
confounders assume a special role. This is a subset of patients where scientific knowledge 
about inhaler performance is still scarce, and several questions remain unanswered. 
Based on those concerns, the main purpose of this thesis is to study inhaler technique 
performance in elderly patients with Asthma or COPD, in its different features and views, in 
order to reach a more comprehensive approach in clinical practice. In order to achieve such 
findings, a subset of five main specific objectives were defined, and organised into the main 
subchapters of the results. Those are: 
 To assess whether there is evidence that inhaler technique education in elderly 
patients with Asthma or COPD improves clinical control and reduces disease 
exacerbations. 
o In addition, to determine which is the best method for teaching inhaler 
technique and how often should inhaler technique be taught. 
 To determine, in accordance with the main results reported in the previous 
objectives, the cost-effectiveness of educational interventions including inhaler 
technique review in elderly patients with Asthma or COPD. 
 To perform an exploratory study aiming to develop a tool for the major predictors of 
inhaler performance in elderly patients with Asthma or COPD. 
 To develop a tool for identifying the major independent predictors of clinical risk in 
elderly patients with Asthma or COPD. 
 To design a study protocol that would test the impact of a teach-to-goal placebo 
device-based education programme on the risk of exacerbations in elderly patients 
with Asthma or COPD, and delivered by family doctors at baseline, 3 and 6 months, 
after a one-year follow-up, when compared to usual care. 
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There is a significant number of studies addressing inhaler technique performance in Asthma 
and COPD, either through descriptive approaches of inhaler errors, their predictors and their 
association with clinical outcomes, or through studies reporting the impact of inhaler 
educational interventions. Nevertheless, elderly patients are frequently excluded from such 
studies, and more importantly, from clinical trials. This is mostly due to the varied 
confounding factors that elderly patients introduce, which is mainly the scope of this thesis. 
The objectives that were set for this work provide a comprehensive approach to inhaler 
technique performance in this subset of patients, and altogether, our results attempt to 
further clarify this wide confounding territory. For that reason, different methods were used 
to achieve each one of these objectives. 
The plan for all methods used in this thesis was approved on 22th November 2017 by the local 
Ethics Committee of University of Beira Interior, with the reference number CE-UBI-Pj-2017-
025, and the study regarding de second and third objectives was also approved by the Ethics 
Committee of the Local Health Administration (see Appendix I). In addition, all the materials 
used throughout the study for objectives three and four are presented on Appendix II, namely 
the informed consent form, the questionnaires, validated in Portuguese, that were applied to 
participants and all the checklists for inhaler performance evaluation. 
In the subchapter of results, a systematic review of available research was performed, 
according to PRISMA recommendations (1). For that, interventional studies aiming at inhaler 
educational programmes for elderly patients with Asthma and COPD were selected, whatever 
the teaching method and comparator used, and reported its impact on inhaler performance, 
adherence, or clinical relevant outcomes, such as symptoms control, quality of life and 
exacerbations. After this work, data from meta-analysis regarding exacerbation risk reduction 
was used, was well as data from direct exacerbation costs and direct potential intervention 
costs in a Portuguese scenario, in order to establish the cost-effectiveness of such 
interventions in elderly patients. To perform it, a decision tree model was used, according to 
CHEERS guidelines (2), in a simple standard cost-effectiveness analysis, without cost-utility 
dimension. 
The third and fourth objectives resulted from a single study, which had a multicentre cross-
sectional design, and aimed to develop predictive tools of inhaler performance and clinical 
risk. For that purpose, elderly patients with Asthma or COPD, using regular inhalers, were 
recruited at several Primary Health Care centres, and several predictor variables were 
collected in order to relate them to several outcomes of interest, namely inhaler 
performance, symptom control, quality of life and history of exacerbations. In order to 
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control for several potential confounders, as previously mentioned (and presented in figure 
1.4.1), multivariable regression models were built, according to TRIPOD recommendations(3), 
A total of 130 participants were recruited and several statistical confirmatory tests were 
performed in order to ensure statistical strength on model building with up to 10 predictors. 
In addition, subgroup analyses were performed in order to detect clinically relevant patterns. 
The last objective of this thesis was established in a “future research” view, and it aims to 
answer one of the most important question regarding this subject, which is to establish the 
real impact of an inhaler education programme alone, in one single method, on exacerbation 
risk after a long follow-up. In order to achieve it, a single blinded RCT was designed, 
according to CONSORT statement (4), with proper concealment and outcome blinding, 
comparing “usual care” with a placebo device teach-to-goal tailored education, in a one year 
follow-up, with interventions at baseline, and at 3 and 6 months, and evaluating clinical 
outcomes, such as symptoms control, quality of life and exacerbations. To achieve enough 
power to detect that, a sample size of 146 participants (73 in each arm) was established.  
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3.1 Organization of the Thesis 
The present thesis is organised in six main chapters. The first chapter is a general 
introduction that provides a global overview of the subject of the thesis, namely the global 
burden of Asthma and COPD, its close relation to inhaler technique performance and the 
relevance of studying elderly patients. The second and third chapters concisely describe the 
aims of the thesis and an overview of the main research approaches. The fourth chapter is 
divided into five subchapters, each one according to one of the objectives, and represented 
by a study, some already published, and others having been submitted for publication. The 
last two chapters, five and six, provide a general discussion of the main results, and a global 
overview of the final remarks.  
Chapter One – General Introduction 
This chapter provides a general overview of the state of art of the subject of this thesis. Its 
starts by addressing the global burden of Asthma and COPD, its main triggers and associated 
clinical features, and also the close relation of clinical control with inhaler technique 
performance. Here a brief review of inhaler technique errors, and the impact of inhaler 
educational programs in major clinical outcomes was performed. A special focus is also given 
to elderly patients. 
Chapters Two and Three – Aims and Research Methods 
These chapters summarise the main objectives of this research and highlight the different 
methods used to address them. In addition, the thesis structure is briefly described.  
Chapter Four – Results 
4.1 – This subchapter describes a systematic review and meta-analysis performed to 
assess the impact of inhaler technique educational programmes on major clinical 
outcomes of elderly patients with Asthma or COPD. It is based on the published 
article: 
Maricoto T, Monteiro L, Gama JMR, Correia-de-Sousa J, Taborda-Barata L. Inhaler 
Technique Education and Exacerbation Risk in Older Adults with Asthma or Chronic 
Obstructive Pulmonary Disease: A Meta-Analysis. J Am Geriatr Soc. 2018 Oct 6. 
[The published article and supplementary material is on Appendix III] 
[This paper has also been chosen by the National Institute for Health Research (NIHR) 
Dissemination Centre to be summarised as a Signal for its high quality design and 
relevance to UK decision makers. It is registered with doi: 10.3310/signal-000712]. 
4.2 – This subchapter involves a cost-effectiveness analysis, using data obtained from 
the previous meta-analysis, and addressing inhaler educational interventions in 
elderly patients, in a health care perspective with an estimation to the Portuguese 
scenario. It is based on the submitted paper: 
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Maricoto T, Marques Gomes J, Correia-de-Sousa J, Taborda-Barata L. Inhaler review 
in elderly with Asthma or COPD – a cost-effectiveness study and a perspective in 
Portugal. J Am Geriatr Soc. 2019 Feb 23. doi: 10.1111/jgs.15834. 
[The published article is on Appendix IV]. 
4.3 – In this study, a cross-sectional analysis was performed in elderly patients, 
aiming to develop a predictive tool of inhaler performance, in order to identify target 
patients to highlight on clinical practice. This is based on the submitted paper: 
Maricoto T, Santos D, Carvalho C, Teles I, Correia-de-Sousa J, Taborda-Barata L. 
Inhaler technique in elderly Asthma or COPD patients – a predictive tool for inhaler 
performance. 
[This article was submitted to Chest, and is now under peer review] 
4.4 – For this study, a similar design was used as in the previous subchapter, in a 
study aiming to develop a predictive tool of clinical risk, in order to identify target 
patients to highlight on clinical practice. This is based on the paper: 
Maricoto T, Santos D, Carvalho C, Teles I, Correia-de-Sousa J, Taborda-Barata L. 
Inhaler technique in elderly patients with Asthma or COPD – a predictive tool for 
clinical risk. 
[This article will be submitted to Thorax] 
4.5 – This last subchapter of results presents a protocol for a single blinded RCT, 
aiming to test the impact of an inhaler educational intervention based on a placebo 
device tailored teach-to-goal approach, upon the main clinical outcomes and 
exacerbation risk, in a regular review (at 0, 3 and 6 months), and after a 12 month 
follow-up, versus usual care. It is based on the published article: 
Maricoto T, Correia-de-Sousa J, Taborda-Barata L. Inhaler technique education in 
elderly patients with Asthma or COPD: impact on disease exacerbations – a protocol 
for a single-blinded randomised controlled trial. BMJ Open. 2019 Jan 
28;9(1):e022685. 
[The published article is on Appendix V]. 
 
Chapters Five and Six – General Discussion, Conclusions and Final Remarks 
These last two chapters present a global discussion of the main results, in a comprehensive 
approach, and integrating the results from all six objectives. It also highlights the final 
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Figure 3.1.1 - Illustrative scheme of the thesis chapters. 
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4.1 Inhaler technique education and exacerbation risk in older 
adults with Asthma or COPD: a Meta-analysis 
 
Abstract 
Objectives: To evaluate the effect of inhaler education programmes on clinical outcomes and 
exacerbation rates in older adult with Asthma or chronic obstructive pulmonary disease 
(COPD). 
Design: Systematic review and meta-analysis. 
Setting and Participants: Older adults with Asthma or COPD, either in primary or secondary 
health care and pharmacy setting. 
Measurements: We searched Medline, Embase and Central databases according to the main 
eligibility criteria for inclusion: systematic reviews, meta-analysis, clinical trials and quasi-
experimental studies; participants older than 65 years; education on inhaler technique and 
reporting of disease control and exacerbation rates. We applied the GRADE scale for quality 
assessment and used a random effect model with Mantel-Haenszel adjustment to perform a 
meta-analysis. 
Results: We included eight studies, four randomised and four quasi-experimental, with a total 
of 1812 participants. The most frequent type of intervention was physical demonstration of 
inhaler technique, training with placebo devices. Five studies showed significant reduction in 
exacerbation rates, and the pooled risk ratio was 0.71 (95%CI: 0.59-0.86; p<0.001). However, 
impact on disease control and quality of life showed high discrepancy in the reported results 
and all randomised studies revealed uncertainty in their risk of bias assessment. 
Conclusion: All interventions seem to improve inhaler performance and clinically relevant 
outcomes, but placebo device could be the most effective one. Also, there is evidence that 
interventions reduce exacerbation risk in older adult patients, although in an overall 
moderate degree. 
 
KEYWORDS: Asthma; Chronic Obstructive Pulmonary Disease; Inhalers. 
 




Asthma and COPD affect up to 10% of the population, and many patients have uncontrolled 
symptoms(1). These patients frequently experience exacerbations, which may be life 
threatening. Exacerbation rates may affect up to 53% of community treated cases, and good 
adherence to therapy is associated with reductions detected in half of the cases(2-4). Inhaled 
therapy is the most widely used treatment, but up to 90% of patients show incorrect 
technique in clinical studies(5), partly because the extensive variety of inhalers and their 
technical specifications create significant barriers to patients(6). Although all available 
inhalers may be equally efficient when properly used (7), there are various device-related 
and patient-related factors which may significantly influence performance(8-11). Poor inhaler 
technique is associated with worse symptom control(12, 13) and leads to increased health 
care resource consumption and costs(14). 
Some studies showed that teaching inhaler technique may lower the risk of exacerbations and 
death in these patients(2, 3, 15-17), but the impact of teaching decreases with time, which 
emphasizes the importance of regular reassessment(9, 18, 19). There are many tools for 
teaching inhaler technique(20), and two systematic reviews addressed this issue. In one of 
them, the authors concluded that there is a lack of evidence about which is the best 
education method to improve inhaler technique(21). The other review concluded that there is 
sufficient evidence of the efficacy of different inhaler educational strategies. However, the 
authors did not quantify this impact with precision since it did not include a meta-
analysis(22). In addition, neither review specifically focused on older adult patients. 
Inhaler technique performance is regarded as particularly complex in older patients with 
Asthma or COPD who also tend to present lower inhaler adherence rates(19, 23, 24). These 
patients find it more difficult to achieve correct performance, since several characteristics 
seem to hamper this ability, such as cognitive impairment, low education level, osteoarthritis 
and global frailty(23, 25-28). For such reasons, and because they are frequently 
underdiagnosed, elderly patients are more susceptible to disease consequences and 
exacerbations(29, 30), and are frequently excluded from clinical trials involving education 
programmes. Thus, there is a lack of evidence regarding the real impact that educational 
interventions have in these patients. Our systematic review and meta-analysis assessed 
whether there is evidence that inhaler technique education in older adult patients with 
Asthma or COPD improves clinical control and reduces disease exacerbations. In addition, we 
also analysed which is the best method for teaching inhaler technique and how often should 
inhaler technique be taught. 
 




Search criteria followed a PICO format: 
Participants: We selected studies that included (not exclusively) participants above 65 years 
of age, with Asthma or COPD. In studies aggregating both adults and older adult patients, we 
considered the average age to decide about inclusion. Studies with mean age between 60 and 
65 years were included in preliminary analysis to assess their magnitude of influence on our 
major results and conclusions, and were included in detailed analysis if considered highly 
relevant. 
Intervention: We defined as the main criteria interventions that focus on teaching inhalation 
technique and, provided by health professionals and directed to patients or their caregivers, 
whatever method used, namely verbal instructions and physical demonstration with placebo 
device, text-based print resources, media, educational tools (e.g. turbutest, In-CheckDial), e-
health interventions or combinations thereof. We included studies involving hospital staff 
(e.g. clinicians, nurses), pharmacists, general practitioners, community health workers and 
others as providers. 
Comparator: Different methods were compared, either between each other, or against 
placebo or “usual care” (treatment provided to patients in a real world scenario, according to 
local guidelines or healthcare provider judgments). 
Outcomes: We included studies that addressed any of the following outcomes: a) Inhaler 
performance evaluation (change from baseline scores preferred); b) All-cause hospitalization 
or all-cause mortality; c) Exacerbation rate or loss of control; d) Clinical control (preferably 
measured on a validated scale); e) Quality of life (preferably measured on a validated scale); 
f) Functional control (as change from baseline scores in forced expiratory volume in the first 
second (FEV1), forced vital capacity (FVC), FEV1/FVC ratio, peak expiratory flow (PEF), etc.) 
Types of studies: We searched systematic reviews, meta-analyses, randomised controlled 
trials (RCTs), nonrandomised clinical trials and quasi-experimental studies. We included 
quasi-randomised studies due to the paucity of RCTs found, in order to reinforce the quality 
of our review and the confidence in our findings. 
Search methods: 
As primary sources we used EMBASE, CENTRAL and MEDLINE databases. As secondary sources, 
we used the reference list from studies included in primary sources, as well as references 
found by authors` review and judgement of expert opinion. We also screened the main trial 
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registry databases, such as the US National Institutes of Health Ongoing Trials Register 
ClinicalTrials.gov (www.clinicaltrials.gov) and the World Health Organization International 
Clinical Trials Registry Platform (apps.who.int/trial search). We used the MeSH terms 
Nebulizers and Vaporizers, Asthma and Pulmonary Disease, Chronic Obstructive, with a time 
limit for publication of March 2017. Overall, we intended to reproduce the same search 
strategy of previous systematic reviews that addressed the same questions (detailed search 
strategies in supplementary material on Sub-Appendix S1). 
Selection process: 
Two independent and blinded authors (TM and LM) selected the articles, according to the 
defined criteria and applied the following filter stages: 1) Cleaning of duplicated articles; 2) 
Selection of articles according to eligibility criteria and by reading the title and abstract; 3) 
Selection of articles according to full-text reading. Reasons for article rejection are expressed 
in a PRISMA diagram (31) (Figure 4.1.1). All disagreements, at every stage, including selection 
of studies, quality assessment and data extraction, were resolved through discussion or by a 
third review author (LT-B.). 
Data collection process: 
Data from selected articles were collected by two different authors (TM and LM) in their 
original presentation from papers, and noted in a proper form generated using Microsoft 
Excel© software. We also collected indirect data from figures and charts, adapting their 
interpretation by consensus, and authors of original articles were contacted for further 
information and data. 
Type of data collected: 
The following information was collected by two authors (TM and LM): 
General Data: Year, study type, number of participants, age, gender, follow-up time, 
withdrawals, diagnosis, disease severity, type of intervention, location of the study, time 
lapse between interventions, type of intervention provider, adverse events/outcomes 
reported. 
Outcomes: Inhaler performance, adherence rate, clinical control, quality of life (in any type 
of validated scale) and functional control (FEV1%; FVC%, PEF% and FEV1/FVC ratio) [in 
median, range, 95%CI, SD, SE, or in any index of % of change]; exacerbation rate, 
hospitalization and mortality [in OR, RR, HR, NNT and their respective 95%CI]. 
One author (TM) inserted data into Review Manager (RevMan), and data were double-checked 
for correct entry. 




Figure 4.1.1 – Flow diagram on search and article inclusion, according to PRISMA 
statement(31). 
 
Analysis of results and assessment of the risk of bias: 
Data collected were analysed in a qualitative approach by two authors (TM and LM), 
according to the risk of bias. Quality of evidence for the collected outcomes of interest and 
recommendation for the interventions were assessed using the GRADE system, as reported in 
the Cochrane Handbook for Systematic Reviews of Interventions(32). Other two authors (LT-B 
or JCS) confirmed this assessment. Assessment of risk of bias was performed in the following 
domains: random sequence generation, allocation concealment, blinding of participants and 
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personnel, blinding of outcome assessment, incomplete outcome data, selective outcome 
reporting and other biases. Risk of bias in each study was graded as high, low or uncertain 
and necessary justifications for such judgment were reported in the “Risk of bias” table 
(detailed bias classification in supplementary material on Sub-Appendix S2). Publication bias 
was analysed with a funnel plot. 
Measures of treatment effect: 
Quantitative analysis was performed with RCTs to obtain effect estimations, heterogeneity 
and consistency tests, by two authors (TM and JG). We used Mantel-Haenzsel risk ratios with a 
random-effects model and 95%CI for dichotomous data. Continuous outcomes were analysed 
as standardised mean difference (SMD) values using a random-effects model and 95%CI, 
because the included studies used different measurement instruments. We performed meta-
analysis only with the RCTs. Heterogeneity between effect sizes of included studies was 
assessed by visual inspection of forest plots and by the Chi2 test for heterogeneity (with a P 
value of <0.1) and inconsistency between trials was described using the percentage of the 
variability in effect estimates that was due to heterogeneity rather than by chance (I2). We 
also performed sensitivity analysis of the included studies and their impact on meta-analysis. 
Results of the primary outcome, exacerbation risk reduction, with trial sequential analysis 
(TSA) were also presented using O`Brien Fleming monitoring boundaries approach. This was 
performed considering the results pooled in meta-analysis, in order to exclude a false positive 
or negative result from our review(33). No subgroup analysis was planned due to the paucity 
of studies. Quantitative analyses were not performed in quasi-randomised studies because of 
their high risk of bias. All statistical procedures were performed with Review Manager 
Software (RevMan) (available at http://community.cochrane.org), GRADEPro online (available 




Description of studies: 
Our search yielded 854 articles (Figure 4.1.1). Of the 802 unique articles, eight studies met 
the inclusion criteria and were analysed. Most studies were excluded because they did not 
address inhaler education in elderly patients or because no relevant outcomes were used. 
One study presented potential criteria for inclusion in its abstract, but no data from outcomes 
were available in full-text format, and was therefore excluded(34).  One included study 
evaluated quality of life, but those results were not published in the article(35). Authors of 
these publications were contacted, but did not reply. 
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Of the eight studies included, four had a randomised design(16, 35-37), and the remaining 
four had a quasi-randomised pre- and post-intervention design(17, 38-40) (detailed data of 
selected studies in supplementary material on Sub-Appendix S3).    
1812 participants were evaluated. Five studies addressed only COPD, one addressed Asthma 
and two included both diagnoses. Five studies were performed in Secondary Health Care 
facilities, two at Community Pharmacies and one at Primary Health Care centres. In half of 
the studies a pharmacist performed the educational intervention, and in the remaining ones it 
was a nurse or a doctor. Follow-up varied between one month and two years, and half of the 
studies had at least one year of follow-up. The mean age of participants was slightly greater 
than 65 in six of the studies and younger than 65 in the other two. We decided to include 
them in order to reinforce the quality of our review and the confidence in our findings, since 
the search strategy yielded few studies. Also, these two studies had large sample sizes (39) 
and reported exacerbation risk as an outcome(35). 
Educational intervention varied between studies. Three studies addressed a physical 
demonstration with placebo devices, which was the most frequent type of intervention, 
covering more than half of the total amount of participants. Two studies used video 
demonstration and another two studies delivered written information. One study did not 
specify the inhaler education type(35), and another one was unclear(17). 
Quality of life and exacerbations were the most commonly reported main outcomes (six 
studies), but different instruments and scales were used(16, 17, 35-37, 40). Similar 
limitations occurred with clinical and functional control, adherence rate and inhaler 
performance evaluation. Cost-effectiveness was never reported. 
Most studies addressed several aspects of intervention besides inhaler technique education 
itself, namely self-management plans, disease knowledge, management of exacerbations and 
their triggers. Only two studies included a repeated education programme, providing 
intervention every 6 months(17, 40). All the other studies only provided intervention at 
baseline. 
Risk of bias in included studies: 
Two independent reviewers (TM and LM) evaluated the risk of bias of the included studies, 
reaching consensus in all evaluations (Figure 4.1.2). Non-randomised trials were classified as 
high risk of bias in the main parameters, such as Random Sequence Generation, Allocation 
Concealment, Blinding of Participants and Personnel and Blinding of Outcome Assessment. In 
our review, RCTs showed an overall uncertainty in their risk assessment, although most of 
them had good blinding on the Random Sequence Generation and Allocation Concealment. 
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The main limitation of RCTs was the lack of blinding of the intervention and outcome 
assessment (detailed bias evaluation in supplementary material on Sub-Appendix S2). 
 
Figure 4.1.2 – Risk of Bias assessment in included studies according to GRADE tool and 
recommended by Cochrane(32). 
 
Logistic regression tests were performed to assess any statistically significant relationship 
between lower risk of bias and the magnitude of effect in the main reported outcomes. To 
build the model we set all variables as binary: risk of bias (0=high and 1=uncertain); inhaler 
performance, adherence rate, symptom control, respiratory function, quality of life and 
exacerbation rate (0=negative outcome and 1=positive outcome). None of these outcome 
variables was statistically associated with the risk of bias of the included studies. 
Effects of interventions: 
Table 4.1.1 shows the main findings of clinical and relevant outcomes from selected studies, 
and Figure 4.1.3 shows the meta-analysis results. 
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Table 4.1.1 – Summary of findings of intervention effect on clinical and relevant outcomes 
Inhaler technique education programmes on clinical control and exacerbation risk in older 
adult patients with Asthma or COPD 
Patient or population: older adult patients with Asthma or COPD  
Setting: pharmacy and secondary health care  
Intervention: inhaler education programmes  
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to be associated 
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(2 RCTs)  








Different tools to 
teach inhaler 
performance 
were used, and 
one study did not 
specified the tool 
used  
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison 
group and the relative effect of the intervention (and its 95% CI).  
 
CI: Confidence interval; RR: Risk ratio; SMD: Standardised mean difference  
GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the 
estimate of the effect, but there is a possibility that it is substantially different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from 
the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially 
different from the estimate of effect  
Explanations 
a. Most studies didn`t blinded participants to interventions, exposing them to hawthorn effect. 
b. None of the included studies have addressed inhaler technique education alone 
c. Studies with smaller sample sizes obtained wide confidence intervals on the estimated parameter 
d. Included studies showed divergent results on the estimated parameter 
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Figure 4.1.3 – Meta-analysis. a) Inhaler Performance. Tommelein et al.(16) measured the 
global % of correct steps. Rootmensen et al.(35) measured the global score of correct 
performance; b) Exacerbation Rate. c) Quality of Life. Tommelein et al.(16) used ED-5D scale. 
Khdour et al.(36) and Bourbeau et al.(37) used St. George questionaire. d) Respiratory 
Function (change in FEV1). 
 
Inhaler performance: Only half of the studies measured the impact of the intervention on 
inhaler performance and most of them showed an improvement in this score(16, 38, 40), 
except for one study(35). This study did not specify the type of tool used to teach inhaler 
technique, and it may not have been the primary objective of the intervention. Authors were 
contacted, but did not reply. Although the authors did not find significant differences after 
intervention, when results were pooled in a meta-analysis together with the RCT by 
Tommelein et al.(16), they showed a significant benefit on inhaler performance. However, 
heterogeneity was high, probably due to the different measures of inhaler performance used. 
Also, this study by Rootmensen et al. showed a significant reduction in exacerbation rate, at 
the end of follow up, which could be due to the additional topics provided at intervention, 
namely patient’s skills in disease self-management. 
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Exacerbation rate: All RCTs showed a significant reduction in exacerbation rates in the 
intervention group, and comparing with usual care group(16, 35-37). The reported mean RR 
on these studies varied between 0.45 and 0.82, with wide confidence intervals and favouring 
the intervention group. Pooling these results in a meta-analysis, we found a significant mean 
reduction of almost 30% in exacerbation rates favouring the intervention (RR=0.71, 
95%CI=0.59-0.86) and a significant low heterogeneity index. In addition, sensitivity analysis 
showed that removing any of the included studies did not affect the outcome. Also, trial 
sequential analysis (in supplementary material on Sub-Appendix S4) confirmed the confidence 
in these findings, thereby excluding the risk of a false positive result, since significant 
boundaries and the necessary sample size were achieved. 
One quasi-randomised study showed the same results, with relative reduction in exacerbation 
rates of almost 50%(17). One study did not show any differences(40). This was a randomised 
study, comparing the use of a peak flow meter versus symptom monitoring as a basis for 
disease control, and used physical demonstration with placebo devices in all participants, 
repeated every 6 months and provided by a clinician. It had a large sample size (396 
participants), a 24-month follow-up, and predominantly involved moderate to severe Asthma 
patients. The authors did not find a reduction in global exacerbation rate, and this could be 
because this study included only Asthma patients while the other studies had COPD patients 
or both.  
Disease control: All studies evaluated the effect of intervention on several aspects of disease 
control, mainly on quality of life and symptoms. Although the results were highly discrepant 
because half of the studies showed an improvement in these outcomes(36, 37, 39, 40) , but 
the other half did not(16, 17, 35, 38). Meta-analysis including only RCTs did not find 
significant improvement in quality of life. However, sensitivity analysis including only the two 
studies that used St. George’s Respiratory Questionnaire (36, 38) showed a slightly significant 
improvement of 3.57 points in the mean score (CI 0.36 to 6.78). No relevant characteristics 
seemed to differentiate the studies on these findings, but detailed analysis of the RCTs 
showed that a longer follow-up period seems to be associated with a more significant, 
positive effect on quality of life(36, 38). Nevertheless, the magnitude of these effects was 
small and with wide confidence intervals, and was associated with an overall moderate 
strength of evidence. 
Respiratory function: Half of the studies evaluated the impact on FEV1, but only one showed 
a significant benefit of the intervention(40). In this study, inhaler education was not the 
primary objective, and all participants received a thorough disease self-management 
program, with several intervention aspects besides inhaler education. The magnitude of the 
observed effect was small and with a wide confidence interval. Quantitative analysis did not 
show any significant benefit either. 
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Adherence rate: Three studies evaluated the impact on adherence rate to inhaled medication 
and all of them showed significant improvement after the intervention(16, 17, 36). Again, this 
effect may also be due to the Hawthorne effect in participants. Only two of the RCTs 
evaluated this outcome, but used different scales, and one of them did not report useful 
results for quantitative analysis. 
Education frequency: Only two studies included a repeated education program, which was 
mainly on a biannual basis(17, 40). Both were non-randomised and reported divergent results 
in the main outcomes. Thus, we could not perform a quantitative or sensitivity analysis on 
them, which limits any kind of conclusion about how often inhaler review and education 
should be recommended. 
 
Discussion 
Summary of main results: 
The main finding of our review is that inhaler technique education can significantly reduce 
exacerbation risk and this is reinforced by a significant pooled result with low index of 
statistical heterogeneity in the meta-analysis. This is the first study to find such results in 
older adult patients with Asthma or COPD.  
Intervention can also improve quality of life and clinical control, but results are still 
divergent. Also, by enhancing self-management education, adherence rates also increase, but 
this was difficult to quantify.  However, these findings should be interpreted with caution 
since most studies lack sufficient quality of the evidence on their results, and this is due to 
several limitations in design and methods, which introduce a high risk of bias. Most studies 
addressed complex intervention aspects beyond inhaler technique education alone, and this is 
particularly relevant to the outcomes of interest because it makes it harder to conclude 
about the true effect of an inhaler education approach alone. Thus, this review fails to detect 
any important finding about the role of inhaler technique education alone.  Although many 
guidelines recommend regular inhaler review, it is still unclear how often that should be 
performed with older adult patients. Only one RCT included patients with Asthma(35), while 
the other ones only had COPD patients. Thus Asthma patients represent only 6% of total 
analysed patients, which skews the available evidence towards COPD. 
In our review we could not perform additional subgroup analysis, namely according to age 
strata (i.e. such as in patients below or above 75 years old), or even according to important 
co-morbidities (osteoarthritis, frailty, cognitive disorders, etc). All studies had a mean age 
under 70 years old and none has reported such data. Such subgroup analysis would be 
clinically relevant because there is increasing evidence suggesting that such characteristics 
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seem to be determinant to inhaler performance and to disease outcomes in these 
individuals(23, 25, 27, 28). 
Overall applicability and quality of the evidence: 
Using the GRADE approach to rate the quality of the evidence, our analysis showed a 
significant overall risk of bias in studies. Half of them did not have a randomised design, and 
even RCTs were not blinded to the intervention due to its intrinsic nature. This fact 
introduces a potential Hawthorne effect, which could overestimate the main outcomes. 
Although this could compromise the internal validity of trials, globally, all showed a regular 
and similar trend in the results, which improves their external validity and applicability. 
Although the included studies did not address any cost-effective analysis or report adverse 
effects of the interventions, the potential benefits may outweigh the risks, which also favours 
regular inhaler education. Several studies have highlighted these aspects(2, 14, 15).  
It is difficult, with the existing evidence, to conclude about the true potential of inhaler 
education alone, or about which is the most efficient education method. Some studies 
suggested that placebo device demonstration may be the best one(41-43) but in our review 
this was not clear. It is possible that older adult patients have some resistance to this method 
due to problems such as cognitive impairment(23, 26). We found only one RCT that used 
placebo device training for intervention, and it showed improvement in exacerbation risk only 
for severe episodes(16). More randomised and blinded design studies are needed to test 
different types of interventions, clarify which factors may influence inhaler performance, and 
assess the impact of performance on clinically relevant outcomes in older adults. These 
studies were performed by well-trained staff with adequate time dedicated to instruction. 
This does not usually happen in the real world where health professionals work in tight 
schedules and without proper training on handling all available devices. This could undermine 
generalizability of study findings. 
Potential biases in the review process: 
Our review process was based on Cochrane recommendations(32) and is in accordance with  
PRISMA statement(31), which makes it less susceptible to major biases and errors. The search 
method was based on main databases (CENTRAL, MEDLINE and EMBASE) and covered 
important secondary sources. In addition, criteria used were broad, thereby yielding a 
representative amount of selected studies. Previous systematic reviews(21, 22) on the same 
topic were also screened for secondary sources of important studies, which minimizes the risk 
of bias in this process. During the selection process, besides RCTs, we also included non-
randomised studies, to avoid underestimation of true effects of inhaler education programs. 
Although this kind of study design lacks evidence quality, we believe that all four included 
studies helped to reinforce the strength of recommendation regarding some of the outcomes, 
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namely exacerbation risk reductions. In addition, by including quasi-randomised studies, we 
highlight the need for further, adequately designed, research in this particular population. 
Quality of evidence was assessed in accordance with the GRADE approach, by two 
independent reviewers, and agreement was obtained in all studies. Also, two other authors 
confirmed the process. In addition, our main results of this analysis are very similar to the 
ones reported in previous systematic reviews(21, 22). Performing a meta-analysis of such 
different and complex interventions could lead to false interpretation of results, since these 
studies are not truly comparable. To overcome this, we confirmed the main meta-analysis 
findings with trial sequential analysis (in supplementary material - on Sub-Appendix S4), 
which strongly reinforced a significant reduction of exacerbations, thereby increasing 
confidence in the results and excluding the risk of a false positive result. 
Comparison with other studies and reviews: 
To our knowledge, this is the first systematic review on inhaler education in older adult 
patients with Asthma or COPD that obtained such clinically relevant results on disease 
control, namely the reduction of exacerbation risk. Given the increasing overall aging of the 
population, and the complex characteristics of these patients, we find this work relevant and 
timely. 
This systematic review stands out from previous ones for several reasons(21, 22). First of all, 
it focuses on older adults, who often present poor clinical control, are more susceptible to 
exacerbations and more frequently have poor inhaler technique(25, 26). In addition, we 
included randomised and non-randomised studies, which allows us to reach more realistic 
conclusions on the impact of inhaler technique education. Also, our review included more 
recent studies, which were excluded in previous works. Finally, our systematic review 
highlights the fact that most studies showed a positive impact on exacerbation risk reduction. 
In the systematic review by Normansell et al.(21), the authors only focused on Asthma and 
included adult and older adult participants together, without performing subgroup analysis of 
the latter. This spread of age ranges may have introduced some bias, mainly derived from 
endotypic and phenotypic disease differences, which could lead to different clinical responses 
to education of inhaler performance. The systematic review by Klijn et al(22) focused on 
post-intervention inhaler performance as the main outcome, but did not perform full analysis 
of the clinically relevant outcomes. Also, it included a wide age range, did not perform 
subgroup analysis in older adult patients and did not carry out a meta-analysis. In any case, it 
is clear both in previous work and in our review that inhaler technique education improves 
performance, and has a potential benefit for clinical outcomes, although its evidence has low 
or moderate strength.  
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In our work, we found inconsistent results in clinical control and quality of life, but overall, 
exacerbation rates seem to be significantly reduced with interventions. This is particularly 
relevant regarding health economics, and several studies have shown cost-effective positive 
associations in this field(2, 14, 15). 
 
Conclusions 
Inhaler technique education is a key aspect of self-management programmes, and all kinds of 
interventions seem to improve inhaler performance and clinically relevant outcomes. Review 
of inhaler technique is recommended and there is evidence that interventions that promote 
improvement in inhaler technique ameliorate disease control. In addition, these interventions 
significantly reduce exacerbation risk in older adult patients. However, the strength of 
evidence for these outcomes is still moderate. Further studies are warranted in order to 
compare different education methods, different target populations and to define the best 
regular follow-up. 
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4.2 Inhaler review in elderly with Asthma or COPD – a cost-
effectiveness study and a perspective in Portugal 
 
Abstract 
Introduction: Elderly patients with Asthma or COPD are particularly susceptible to 
exacerbations, and that may be associated with incorrect use of inhalers. Education 
programmes with inhaler technique review seem to be effective, but no studies have 
addressed their cost-effectiveness in elderly patients. 
Objective: To perform a cost-effectiveness analysis of education programme in elderly 
patients, and estimate the cost-benefit of applying such a programme in Portugal. 
Perspective and Methods: We developed a decision tree analysis from a healthcare 
perspective, according to exacerbation rates and costs described in a previous meta-analysis, 
and according to intervention costs. Sensitivity analysis of worst and best-case scenarios was 
performed to estimate thresholds for intervention affordable limits, as well as cost-saving 
estimations and Incremental Cost Effectiveness Ratios (ICER) for a Portuguese scenario. 
Setting: We estimated cost-effectiveness thresholds applicable in all settings and performed a 
sensitivity analysis of a theoretical intervention model in all patients, including inhaler 
technique review at an annual appointment with a doctor and a nurse. 
Results: In the best-case scenario, the intervention affordable budget could be up to almost 
1.800€ (US $1,585.24) per patient per year. Mean intervention-associated savings in Portugal 
would be 311.88€ (US $274.68) per patient per year, representing annual savings up to €131 
million (US $150 million) for the whole health system, and this already includes intervention 
costs. ICER for Portugal vary between 93.73€ (US $82.55) and 437.43€ (US $385.25) per 
exacerbation avoided. 
Conclusions: A model of an intervention program with inhaler technique review in elderly 
patients suggests that this intervention is cost-effective and can generate significant savings. 
 
KEYWORDS: Cost-effectiveness; Inhaler; Asthma; Chronic Obstructive Pulmonary Disease; 
Elderly 
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Introduction 
Respiratory diseases are one of the main causes of death worldwide. Asthma and Chronic 
Obstructive Pulmonary Disease (COPD) are two major respiratory diseases and affect up to 
10% of the population (1). Inhaled therapy is the main treatment pathway used, but the 
majority of patients use devices incorrectly, frequently with critical errors, thereby 
contributing to poor clinical control and increased risk of exacerbations (2-5). In addition, 
many studies have shown that poor clinical control also leads to increased costs in health 
services (6-9). However, true estimates of the burden due to Asthma and COPD are 
unavailable, because direct and indirect costs are difficult to quantify, and different parts of 
the world report different estimations. 
There is significant evidence showing that education programmes for Asthma and COPD may 
be effective in terms of clinical improvement (10-14), but few have addressed inhaler 
technique review alone. In addition, there is strong evidence to support the cost-
effectiveness of those programmes, although the reported results show a broad range of 
annual cost savings with interventions, ranging from 200€ (US $176.17) to 2000€ (US 
$1,7617.06) per patient (15-20).  In Portugal, acute care and exacerbations-associated annual 
costs are estimated between 330€ (US $290.69) and 8000€ (US $7,047.30) per patient (7, 21), 
but no study has yet evaluated the cost-effectiveness of a conceptualized national education 
programme for Asthma and COPD. 
Portugal is one of the most aged countries in Europe, and elderly patients tend to have poor 
quality of life (22). Also, respiratory diseases represent the second leading cause of death in 
these patients (23). Elderly patients with Asthma or COPD are particularly susceptible to poor 
disease control and exacerbations(24, 25), which is due to particular characteristics, such as 
increased comorbidities, poor adherence to treatment and poor inhaler technique 
performance (26-28). Nevertheless, a recent meta-analysis has shown that educational 
interventions of inhaler technique review in elderly patients significantly reduce the risk of 
exacerbations, with a pooled risk reduction of 29%(29). These are patients who may benefit 
most from educational interventions, and this reported effectiveness was not previously 
detected in younger patients (30, 31). 
However, as far as we know, there is no cost-effectiveness study published that has analysed 
educational interventions in elderly patients. Decision analysis and cost-effectiveness analysis 
are useful tools that integrate evidence in specific context conditions, in order to address a 
specific decision problem (32). Developed countries face the urge to reduce health costs and 
maximize clinical benefits from interventions. Thus, one major strategy is to identify the 
most cost-effective subgroups of patients. 
We hypothesized that a simple intervention (review of inhaler technique) would result in a 
slight increase in intervention costs but also in a decrease in direct costs of exacerbations, 
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resulting in overall health care costs savings in a model for elderly patients with Asthma or 
COPD. Thus, our study aimed to determine, in accordance with the main results reported in 
the previous meta-analysis, the cost-effectiveness of educational interventions including 
inhaler technique review in elderly patients with Asthma or COPD. 
 
Methods 
Study design and Framework: 
We developed a standard cost-effectiveness analysis, based on a decision tree approach (33) 
and in accordance with CHEERS recommendations (see Supplementary Appendix S1) (34). Our 
aims were to perform estimations of treatment affordable thresholds and according to 
exacerbation costs in elderly patients. In addition, we performed estimations of cost-savings 
and Incremental Cost Effectiveness Ratios (ICER) for a Portuguese scenario, according to local 
costs of a theoretical intervention program. 
Sources of data: 
We used data from previously published studies on exacerbation costs, exacerbation rates, 
and local costs for intervention on inhaler technique review, to try to determine cost-
effectiveness ratios. According to a previously published meta-analysis, interventions that 
include inhaler technique review in elderly patients with Asthma or COPD reduce 
exacerbation rates from 0.58 to 0.43 (number of exacerbations per patient per year). 
Absolute mean reductions of exacerbation rates range from 0.07 to 0.22, in worst and best-
case scenarios and according to 95%CI limits(29). In addition, exacerbations and acute 
medical care, alone, represent annual costs between 330€(US $290.69) and 8.000€ (US 
$7,047.30) per patient (7, 21). A more recent estimation for COPD in Portugal points out 
annual costs of 2.250€ (US $1,982.04) per patient(35). Due to the wide range of values, we 
used all these references to estimate scenarios for the best-case, worst-case, and mean 
estimation. 
Base-case definition: 
The base-case population of our analysis are elderly patients with Asthma or COPD, because 
these patients are more susceptible to poor clinical control and exacerbation risks. This is a 
healthcare payer’s perspective study, where only direct costs were considered, because 
indirect costs and patient`s own costs were not reliably available. We did not consider 
medication costs in the different stages of disease management either. Two types of costs 
were calculated, the intervention costs and exacerbation costs, which were assigned to the 
decision tree analysis. This model assumes the previously reported exacerbation risk 
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reduction, as well as the costs associated with each exacerbation. We also performed 
sensitivity analysis to assess uncertainty regarding thresholds of intervention cost-
effectiveness, using reported 95%CI limits in order to estimate worst and best-case scenarios. 
Intervention: 
Different intervention programmes were tested in these patients in previous studies, with a 
wide variety of aspects being addressed. Most interventions addressed inhaler technique 
review, self-management tools and functional control, and almost all studies performed it 
only at baseline of the follow-up period. In addition, interventions were delivered by 
different health professionals, such as doctors, nurses and pharmacists(29). For that reason, 
we developed a conceptual intervention program with annual control appointments by a 
doctor and a nurse. Each appointment would require a 20 min evaluation, to perform inhaler 
technique review and to assess clinical control and lung function through spirometry.  
Setting: 
Due to inherent difficulties in specifying different aspects of interventions (inhaler technique 
review, self-management strategies, lung function evaluation, etc.), the costs of such 
programme were calculated as a whole, considering health professionals’ salaries in 2017 that 
are based on the official values defined by the Portuguese Central Administration of Health 
System (ACSS), as well as spirometry costs(7). All costs and outcomes were expressed as 
additional factors to the main comparator, which was Usual Care. We used Usual Care as the 
main comparator because it was the reference control reported in most studies that were 
included in the previous meta-analysis(29). The time frame in the base-case analysis was one 
year, because exacerbation rates were reported that way. No discount rates were considered 
in cost estimation. 
Outcome measures: 
We used a synthesis-based estimate to define outcome measures, which included 
exacerbation rates, cost per exacerbation and thresholds of cost-effectiveness for the 
designed intervention program. All cost estimations were used according to 2017 references, 
in euros (€). Exacerbation costs were considered as a whole in mean estimations, regardless 
of the type of treatment or management that is usually provided to patients. For that reason, 
some types of clinical interventions provided for the management of exacerbations could be 
the same as those provided in our theoretical intervention programme. However, that would 
not hamper the ability to compare them as a conceptual framework for the cost-effectiveness 
analysis.       
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 79 
Figure 4.2.1 shows the decision tree used in the model. The resulting equation for cost-
effectivity balance is the following one (EC – Exacerbation costs; IC- Intervention Costs; PIR – 
Probability of exacerbation under Inhaler Technique Review; PUC – Probability of 
exacerbation under Usual Care): 
Expected Value (Inhaler Review)=Expected Value (Usual Care) 
[(EC+IC)×P_IR ]+[IC×(1-P_IR )]=(EC×P_UC )+[0×(1-P_UC )] 
IC=EC×(P_UC-P_IR ) 
 
Figure 4.2.1 - Decision tree model to compare Usual care versus Inhaler technique review 
intervention. EC – Exacerbation costs; IC- Intervention Costs; PIR – Probability of exacerbation 
under Inhaler Technique Review; PUC – Probability of exacerbation under Usual Care. 
 
Table 4.2.1 summarizes all data considered in parameters assigned to cost estimations. Using 
the model assumptions presented in figure 4.2.1, we estimated the affordable limits for 
intervention costs at mean values and at worst and best-case scenarios. Worst-case scenario 
was estimated using the 95%CI lower limit of probability of exacerbation under Usual Care, 
and 95%CI upper limit of probability of exacerbation under Inhaler Technique Review 
intervention. Best case scenario was estimated using the 95%CI upper limit of Probability of 
exacerbation under Usual Care, and 95%CI lower limit of Probability of exacerbation under 
Inhaler Technique Review intervention. Mean estimation was obtained with the respective 
mean values. 
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Exacerbation rate (anual) 
 Usual care 0.58 0.54 0.62 (29) 










Intervention Costs (€/$) 


































Exacerbation Costs (€) 







(7, 21, 35) 
CI: Confidence Interval; €: 2017 Portuguese euro. $: United States dollar. 
* Mean salary of a Doctor for each hour ranges from 12,22€ (US $10.76) to 31,13€ (US $27.41). 
† Mean salary of a Nurse for each hour ranges from 7,90€ (US $6.96) to 18,80€ (US $16.55). 
‡ based on official values defined by the Portuguese Central Administration of Health System (ACSS) 
 
Cost-saving estimation for Portugal was also obtained according to worst and best-case 
scenarios. In the worst-case scenario, we used the lower limit of reported exacerbation cost, 
the worst-case estimation of intervention cost and worst-case estimation of risk difference 
(the difference between exacerbation risk of Inhaler Technique Review group and Usual Care 
group). In the best-case scenario, we used the upper limit of reported exacerbation cost, the 
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Results 
Cost effectiveness estimation and sensitivity analysis: 
Our analysis estimated the cost-effectiveness thresholds for intervention costs affordable 
limits per patient per year. Figure 4.2.2 presents these results in the range of exacerbation 
costs between 0€ (US $0) and 8.000€ (US $7,047.30). The respective estimation equations are 
(EC – Exacerbation costs; IC- Intervention Costs; PIR – Probability of exacerbation under 
Inhaler Technique Review; PUC – Probability of exacerbation under Usual Care): 
Worst-case scenario: [CI95% lower limit of PUC and upper limit of PIR] 
 <=>  
 
Mean estimation scenario: [mean PUC and mean PIR] 
 <=>  
 
Best-case scenario: [CI95% upper limit of PUC and lower limit of PIR] 
  <=>  
 
 
Figure 4.2.2 - Cost-effectivity thresholds according to exacerbation costs. Lines represent the 
intervention costs affordable limit scenarios according to exacerbation proportions of CI95% 
lower limit, mean estimation and CI95% upper limit. 
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In the best-case scenario of intervention effectiveness and with exacerbation costs at the 
reported upper limit, the intervention affordable budget could be up to almost 1.800€ (US 
$1,585.24) per patient per year. The more exacerbation costs increase, the higher the 
affordable limit rises in order to develop an intervention programme. 
Cost effectiveness estimations for a Portuguese scenario: 
Cost-saving estimations for Portugal were obtained considering mean values, worst and best-
case scenarios, and according to variations between exacerbation annual costs, which range 
from 330.95€ (US $291.54) to 8.000€ (US $7,047.30) per patient. These reported costs 
concern the global population, but were used here to estimate savings for elderly patients. 
The main equations used to estimate cost-savings were (EC: Exacerbation costs; IC: 

















Considering data from exacerbation risk difference reported for elderly patients, we 
estimated mean annual savings of 311.88€ (US $274.68) per patient for an intervention 
program in Portugal. We found a wide interval between worst and best-case scenarios, 
ranging from an annual negative balance of minus 7,45€ (US $6.56) and a positive budget of 
1.739,38€ (US $1,532.09) per patient. However, considering the reported difference in annual 
costs associated with clinically well-controlled patients and clinically uncontrolled patients, 
which is about 469,42€ (US $413.47)(7), the worst-case scenario increases to a positive 
balance of 2,24€ (US $2.13) per patient/year.  
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In Portugal there are approximately 2,2 million elderly people. Thus, considering an overall 
10% combined prevalence of Asthma or COPD(1), the mean estimation for effectively 
implemented interventions in this age group could theoretically represent total annual savings 
of €131 million (US $150 million) for the Portuguese national health system, and this 
estimation already includes all the intervention costs. 
Incremental cost-effectiveness ratio (ICER) estimations for a Portuguese scenario: 
ICER was estimated for worst and best-case scenarios, and according to upper and lower 
limits of intervention costs and risk difference. Incremental effectiveness was estimated 
according to the number of prevented exacerbations. Figure 4.2.3 represents ICER for 
Portugal at worst-case and best-case scenarios, which vary between 93.73€ (US $82.55) and 
437.43€ (US $385.25) per exacerbation avoided. 
 
 
Figure 4.2.3 - Incremental cost-effectiveness ratio (ICER) for Portugal at worst-case and best-
case scenarios according to lower and upper limits of Intervention Costs and Risk Difference. 
Incremental effectiveness was estimated according to number of prevented exacerbations. 
The equations used were (IC: Intervention costs; RD: risk difference between Inhaler 
Technique Review and Usual Care.): 
At worst-case scenario: 
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Our results show that interventions that include inhaler technique review to improve clinical 
control in elderly patients with Asthma or COPD may be cost-effective and may generate 
significant savings from the perspective of the healthcare provider. 
This is the first study showing that these interventions could save up to several hundreds of 
million euros in Portugal. Also, this is the first study establishing thresholds for affordable 
budget interventions, which can be adopted worldwide according to exacerbations costs. 
Moreover, as exacerbations costs get higher, affordable limits for intervention budget also 
increase. These thresholds may apply to other health care systems, since they are based on 
worldwide data of exacerbation rate variations, and are unaffected by local health costs. In a 
simple approach, health care systems may invest on interventional programs up to 22% of 
total exacerbation costs, in order to be cost-effective.  
The intervention costs and exacerbation costs used were based on data from Portugal, and 
might differ from costs in other countries, which might lead to different cost saving 
estimations. However, when actually compared with reports from other countries, our study 
found similar mean savings with interventions in the Portuguese scenario, which reinforces 
the generalizability of our findings. In addition, most previous reports used a standard cost-
effectiveness model, which was also our approach (15-19). However, similarly to these 
reports, we also found a very wide range of plausible values, which could be due to 
uncertainty of estimation of exacerbation costs and difficulty in establishing true costs of 
intervention programmes. More recent studies have estimated less savings with 
interventions(15, 16), and that could be due to various reasons. First, because these studies 
mostly included adult patients in the base-case analysis, without focusing on elderly patients. 
Secondly, they mostly included COPD patients, who have irreversible airway obstruction and 
an increased risk of exacerbations. In Asthma patients, inhaled medication, such as inhaled 
corticosteroids, is more effective. Finally, the observed discrepancy may also be due to 
different country settings and their respective costs. In contrast, we focused our analysis 
mainly on older patients, because they tend to have higher exacerbation rates and are 
probably more susceptible to the benefits of interventions(24, 25, 29). This approach may 
have improved our findings. These patients also have more comorbidities and drug 
interactions, which can increase costs of exacerbations and worsen disease control. Moreover, 
exacerbations may not only lead to direct costs of additional treatment and/or 
hospitalizations, but there is also evidence that they result in significant lung function decline 
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and thus, in a tremendous loss in overall functions, such as increased frailty and cognitive 
impairment(36, 37). 
Our study has, nevertheless, some limitations. First, we were not able to estimate and obtain 
indirect costs, mainly those regarding the patients’ perspective, because exacerbation costs 
were uncertain in the available literature. In addition, exacerbation rates in these elderly 
patients may also be imprecise, since the meta-analysis we used as the basis for our work 
included relatively few studies(29). Lastly, we could not perform a cost-utility analysis based 
on Quality Adjusted Life Years (QALY), due to the scarcity of available data. We accept that 
such analysis would probably reinforce the clinical relevance of our findings. 
We found that the worst-case scenario for cost-savings could represent a slight negative 
balance, but that could be underestimated. In fact, for that estimation we used data from a 
Portuguese study on Asthma(7), but we only considered acute medical care costs, which 
represent about 40% of patients included. However, the real prevalence of exacerbations in 
elderly patients is slightly higher. In addition, using the real difference in annual costs 
between controlled and uncontrolled patients [about 469,42€ increase (US $413.47)] our 
worst-case scenario turns to a positive balance. 
Another important aspect to consider is the intervention conceptual programme itself. In 
fact, the mean follow-up period of previous interventional studies is wide, varying from 3(12) 
up to 24 months(14), and none of those studies have tested regular inhaler technique review. 
Further studies should be designed to test how often and for how long the intervention is 
needed, in order to maintain effectiveness, because there is evidence that inhaler technique 
review is lost after some time(38, 39). Other features may also affect exacerbation risk and 
progressive lung function decline, such as the choice of the type of inhaler, the use of 
multiple devices(40) or even the choice of drugs or the combination of drugs, as newer 
combination inhalers may make a difference in outcome(24, 25). 
Finally, it should be stressed that interventions in these patients should include several 
aspects of disease control, such as self-management plans and inhaler technique review. This 
is particularly relevant, since most interventional studies included in a previous meta-analysis 
have covered other features besides inhaler technique review(29). In addition, most of those 
studies have measured adherence as an outcome, rather than inhaler technique performance, 
and this is an important aspect to be taken into account, because it may bias the result of 
intervention effectiveness. Better adherence to inhaler therapy does not necessarily mean 
better inhaler technique performance, and this should be clarified in future studies. Also, 
improving adherence seems to be related to decreased exacerbation risk(12, 13), and that 
may be independent of inhaler technique performance(3, 41, 42). Adherence may also be an 
important aspect to consider in terms of cost estimation, because it also affects medication 
costs(43). Here, medication costs were not considered as a subset, although cost estimations 
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included them in the main source. Medication costs may decrease due to better inhaler 
technique, because as clinical control improves, other concurrent therapies are less needed 
(such as oral corticosteroids or antibiotics), and the optimal inhaled dosing may also be 
reduced. Those aspects were not considered in our analysis.  
However, it is difficult to ascertain the cost-effectiveness of such aspects alone, mainly the 
impact of inhaler technique review, which has been remarked as a key point in previous work 
by others (15). 
 
Conclusion 
Intervention programmes in elderly patients with Asthma or COPD seem to be cost-effective, 
and may generate significant savings in Portugal. Also, the affordable limits for intervention 
costs are wide, and are augmented as exacerbation costs increase. 
Intervention programmes should embrace different dimensions, as self-management tools and 
inhaler technique review, and this should be considered before changing or adding new 
treatment options. 
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4.3 Inhaler technique in elderly Asthma or COPD patients – a 
predictive tool for inhaler performance  
 
Abstract 
Background: Elderly patients with Asthma or COPD are particularly susceptible to inhaler 
technique errors and up to 85% use them incorrectly. Several factors may influence 
performance, but most studies are inconsistent and contradictory. We developed a tool for 
the major predictors of inhaler performance in these patients. 
Methods: Multicenter cross-sectional study with patients using inhalers on a regular basis. 
Several demographic, socioeconomic and clinical characteristics were collected as potential 
predictors, and inhaler performance was the main outcome. Linear and logistic regression 
models were set up to identify significant variables. Subgroup analysis was performed 
according to age, cognitive performance and different types of inhalers. 
Results: We included 130 participants, mean age of 74.4(±6.4) years. The prevalence of 
inhaler technique errors was 71.6% (95%CI: 64-78.5), and that of critical mistakes 31.1% 
(95%CI: 24-38.8). Among all, pressurized metered dose inhaler (pMDI) was the type of inhaler 
with most frequent critical mistakes. 
From the multivariate analysis, a predictive score of misuse probability was developed for 
clinical practice, including attributable points to: cognitive performance, adherence, and 
having a previous placebo device education. Other significant variables were: being a male, 
having concomitant allergies or comorbidities, smoking status and depression. A progressive 
decline in performance was detected in cognitively impaired elderly patients older than 75 
years who were using dry powder inhalers (DPI). 
Conclusions: Inhaler performance should be addressed with caution in non-adherent patients 
and those with cognitive impairment. Placebo device training provided by doctors seems to 
best suit these patients. 
 
KEYWORDS: Asthma; Chronic Obstructive Pulmonary Disease; Inhaler performance; Aged; 
Predictors 
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Introduction 
Asthma and Chronic Obstructive Pulmonary Disease (COPD) are the most common chronic 
respiratory conditions, affecting up to 10% of the global population, and many patients have 
uncontrolled symptoms[1 2]. Life-threatening exacerbations  affect almost 50% of patients 
every year in community healthcare settings[3 4]. Elderly patients are more susceptible to 
disease consequences due frequent underdiagnosis and associated comorbidities and drug 
interactions [5 6]. 
Inhaler therapy is the most effective approach to treating these patients but up to 85% of 
them use inhalers incorrectly. This could be due to the wide variety of inhalers available, 
each with its specificities, and to patients` individual characteristics [7]. In addition, some 
errors are more critical than others and have higher impact on disease control[8]. In fact, 
inhaler performance is strongly associated with disease control, exacerbations and healthcare 
costs [9-14].  
Although all inhalers when properly used show equal treatment efficacy [15], elderly patients 
are particularly susceptible to inhaler technique errors[16], probably due to more frequent, 
cognitive impairment[17 18], lower education level[19 20], decreased lung function [21], and 
global frailty or hand osteoarthritis[22 23]. Cognitive impairment seems to be the most 
relevant predictor of inhaler performance, leading to an increased risk of exacerbations. 
Moreover, exacerbations worsen cognitive impairment, which creates a vicious circle [24 25]. 
Aging leads to lung function decline, which compromises the ability to perform inhalation 
properly, since some inhalers need significant inhalation flow[26]. Some findings from 
available studies are inconsistent and contradictory regarding factors influencing inhaler 
performance. Furthermore, elderly patients are frequently excluded from major trials, which 
hampers the ability to integrate and adjust these factors as true predictors of inhaler 
performance in these patients. 
Thus, we performed an exploratory study aiming to assess the major predictors of inhaler 
performance in elderly patients with Asthma or COPD, and developed a predictive tool of 




Multicenter cross-sectional study in patients with Asthma, COPD or Asthma/COPD overlap 
(ACO), older than 65 years and regularly using inhalers. Patients with severe or acute illness, 
recent abdominal or chest surgery, or chronic respiratory dysfunction under oxygen therapy 
were excluded. The study protocol was approved by an Institutional Review Board and Ethics 
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Committee of the University of Beira Interior, with the reference number CE-UBI-Pj-2017–025, 
on November 2017. Every participant signed a written consent form. 
Sample Size and Participants’ recruitment: 
Sample size was estimated using the χ2 independent group proportions approach of STATA 
Statistical Package, considering the event proportion of inhaler errors up to 90%, a 95% CI, a 
power of 80% and alpha level of 0.05. Estimated sample size was 139, which would allow 
model building up to 13 variables as predictors for primary analysis. 
Participants were recruited in primary healthcare centres, by family doctors, between 
October 2017 and April 2018. Among eligible patients, randomly selected participants were 
invited to participate by telephone call. Recruitment stopped when enough data were 
gathered to allow well-fitted regression models. From all contacted patients (n=217), almost 
15% (n=33) did not answer the call, approximately 25% (n=54) declined to participate or failed 
the scheduled visit and approximately 60% (n=130) accepted to participate in the study. 
Criteria and data collected: 
We collected the following potential predictors: age, gender, body mass index, number of 
household members, occupational status, number of exacerbations in previous year, disease 
duration, disease stage/class according to GINA or GOLD classifications[3 27], educational 
level, Graffar social classification[28], allergies or comorbidities with potential respiratory 
impact (such as diabetes, heart failure, obesity, chronic and allergic rhinitis, 
gastroesophageal reflux disease, sleep apnoea), smoking habits, depression scale score 
>5[29], frailty scale score >2[30], cognitive performance according to Montreal Cognitive 
Assessment (MoCA) test[31], anti-pneumococcal and anti-influenza vaccination, previous 
teaching of inhaler technique (method and provider), adherence rate [continuous variable 
with score between 0 (total adherence) and 7 (non-adherence)][32] and device type. 
The primary outcome was inhaler performance, measured as presence of at least one error 
[dichotomous], as a score in a 0-10 scale [continuous, according to the number of errors made 
when using each device among the total available steps] and the presence of critical mistakes 
[dichotomous, defined according to previous reports as follows: using Soft Mist Inhaler (SMI) 
and pressurized Metered Dose Inhaler (pMDI), poor coordination on dose activation and 
absence of a slow and steady inhalation; using pMDI the same items plus not shaking the 
device; using Dry Powder Inhalers (DPI) wrong dose activation (according to manufacturer 
specifications) and absence of a deep and strong inhalation[8]]. 
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There were six researchers involved in evaluation of the technique and data gathering, with a 
medical background, and specifically trained in the inhaler reviewing process, in order to 
standardize procedures. 
Statistical analysis and model building: 
All data were analyzed with IBM SPSS Statistics© and STATA Statistical Package© software and 
alpha level was set at 0.05. Recommendations from the TRIPOD statement were followed to 
report multivariable prediction model results[33]. 
To test associations between predictors and outcome variables we used linear and logistic 
regression models. To build the models we first performed bivariate associations in order to 
identify significant variables to be included at a 0.25 alpha level[34]. Models were set using 
step-up and step-down approaches, and different models were rechecked with 
homoscedasticity tests and validation tools. Poisson regression was performed with the same 
predictors, to confirm the best-fitness of the linear regression (adapted from previous reports 
on a statistical approach to counting variables[35]). 
According to the most significant predictors obtained on the logistic regression and their 
respective coefficients, we used the midpoint of the logistic curve inflection as the threshold 
reference for the probability of having “absent errors” overcomes the probability of having 
“at least one error”. According to that, a predictive score was developed in order establish 
the clinically relevant threshold for the absence or presence of inhaler errors. Also, subgroup 
analysis were performed according to the major predictors identified in the model building. 
 
Results 
We included 130 participants, with a mean age of 74.4 (±6.4) years (table 4.3.1). Most 
patients had low educational and socioeconomic level, moderate to severe disease stage and 
presented allergies or comorbidities. Depression and frailty were present in one-third of 
participants and cognitive impairment (MoCA test score <20) in 68.5%. Good adherence rate 
was 36%. Most used therapy was: a combination of inhaled corticosteroid and long-acting β2-
agonist (LABA) in 68.8% of Asthma patients and 52.6% of ACO patients; a combination of LABA 
and long-acting muscarinic antagonists (LAMA) (25.5%), as well as a single LAMA therapy 
(23.4%), in COPD patients. Almost half of the cases had exacerbations in the previous year. 
Most participants made at least one error (overall prevalence of 71.6%; 95%CI: 64-78.5, one 
sample binomial test), and a high proportion of these were critical (31.1%; 95%CI: 24-38.8, 
one sample binomial test) (Table 4.3.2). pMDI had the highest number of critical mistakes, 
mainly due to poor coordination and poor inhalation flow. The most common errors were 
present in previous expiration (absent in 50.7%) and during end pause (absent in 47.3%). 
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Around 85% had received previous inhaler education, but most did not get it regularly. The 
most used method was placebo device training, provided mainly by a doctor at initial 
prescription. 
Cognitive score and adherence rate were significantly associated with inhaler technique 
performance in all outcome measures. Educational and socioeconomic levels were also 
significantly associated with critical mistakes and performance score (Table 4.3.1). Inhaler 
education provided by doctors seemed to be associated with better performance than that 
provided by other professionals, for all outcome measures (Table 4.3.2). In addition, previous 
education was significantly associated with fewer critical mistakes and a higher performance 
score. 
Table 4.3.3 reports the best-fitted multivariate models with major identified predictors. 
Logistic regression for risk of having “at least one error” identified as major significant 
predictors: non-adherence score (OR: 1.92 per unit increase in questionnaire score), cognitive 
score (OR: 0.86 per unit increase in questionnaire score) and placebo device training as 
previous education method (OR: 0.27). The same model, used with an inverted binary 
outcome (“absence of errors”), and readjusting the adherence score to a binary variable 
(yes/no), revealed the same coefficients for the significant predictors with the same 
statistical fitness. Figure 4.3.1 presents the regression line of the multivariate analysis to 
inhaler performance score. The logistic curve representing the probability of having “absent 
errors” is presented of figure 4.3.2. Using such data, a predictive score threshold was 
obtained, and that includes a total range from 0 up to 49 points: 1 point for each cognitive 
MOCA score obtained (ranging from 0 up to 30), plus 11 points for having proper adherence, 
plus 8 points for having received a previous placebo device training. Thus, a 38-point limit 
was detected as being the minimum necessary for the probability of having “absent errors” 
overcomes the probability of having “at least one error” (Table 4.3.4). 
Linear regression for “inhaler performance score” identified as major predictors: gender 
(increase in 0.74 points for males), non-adherence score (decrease of 0.485 points per unit 
increase in questionnaire score), cognitive score (increase of 0.089 points per unit increase in 
questionnaire score), placebo device training as the previous education method (increase of 
0.787 points), concomitant allergies or comorbidities (increase of 0.759 points), smoking 
status (increase of 0.663 points for never-smokers) and depression (increase of 0.618 points). 
Logistic regression for risk of having “at least one critical mistake” identified as major 
significant predictors: non-adherence score (OR: 1.43 per unit increase in questionnaire 
score), cognitive score (OR: 0.9 per unit increase in questionnaire score) and previous inhaler 
education provided by a doctor (OR: 0.2).  
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In subgroup analysis, we observed a non-linear, non-significant trend towards worsening 
inhaler performance with age and cognitive impairment – there was a progressive decline 
above 75 years of age and below a cognitive score of 25 points. Combining these findings with 
the main device types (Figure 4.3.3), a significant difference was found in inhaler 
performance score between patients with cognitive impairment using DPI and patients with 
cognitive impairment using pMDI+Spacer or SMI. This was maintained when compared with 
patients with normal cognitive score (p=0.001; Kruskal Wallis). Regarding age, the same trend 
was observed in patients above 75 years of age using DPI, but this was not statistically 
significant, (p=0.261; Kruskal Wallis). The exception to these trends was the use of pMDI 




Figure 4.3.1 - Regression line of the multivariate analysis to inhaler performance score. 
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Figure 4.3.2 - Regression line of the multivariate analysis to the “absence of inhaler errors”. 
The x-axis represents the score obtained according to predictors’ coefficients. The y-axis 




Figure 4.3.3 - Box plot of Inhaler performance score according to device type, age, and 
cognitive performance. *p=0.261 and **p=0.001, Kruskal Wallis test. 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 100 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 101 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 102 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 103 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 104 
Table 4.3.3 – Predictors identified with statistical significance on multivariate analysis 
according to the major outcome variables. 
Outcome – At least one error on inhaler technique (logistic regression) 
Predictor variables in the 
model 
Coef. SD p-value Exp. (coef.) 95%CI 
Placebo device training -1.305 0.517 .012 0.27 0.098 0.747 
Non-adherence score* 0.654 0.216 .002 1.92 1.26 2.933 
Cognitive score -0.148 0.051 .004 0.86 0.78 0.953 
(Constant) 4.568 1.299 <.001 96.35   
AUC: 0.812 (0.734;0.89) 
Cox&Snell Pseudo-R2: 0.235 
      
       
Outcome – Inhaler performance score (linear regression) 
Predictor variables in the 
model 




Gender male 0.74 0.317 .022 2.1 1.995 
Non-adherence score* -0.485 0.083 <.001 0.62 1.239 
Cognitive score 0.089 0.022 <.001 1.09 1.274 
Placebo device training 0.787 0.251 .002 2.2 1.065 
Allergies/comorbidities 0.759 0.297 .012 2.14 1.033 
Never-smoked 0.663 0.321 .042 1.94 2.051 
Depression 0.618 0.281 .030 1.86 1.41 
(Constant) 4.909 0.704 <.001   
R2: 0.431 (adjusted to 0.392) 
Mean VIF: 1.44 
     
      
Outcome – Al least one critical mistake (logistic regression) 
Predictor variables in the 
model 
Coef. SD p-value Exp. (coef.) 95%CI 
Non-adherence score* 0.355 0.145 .014 1.43 1.073 1.894 
Cognitive score -0.104 0.039 .007 0.9 0.836 0.972 
Previous education by doctor -1.605 0.436 <.001 0.2 0.086 0.472 
(Constant) 1.963 0.886 .027 7.12   
AUC: 0.812 (0.736;0.888) 
Cox&Snell Pseudo-R2: 0.245 
      
AUC – area under the curve; VIF - Variance inflation factor for collinearity 
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Table 4.3.4 – Predictive score for the probability of having “absent errors” in inhaler 
performance. 
Variable Score Threshold 
Cognitive MOCA score 
Use exact score 
obtained 
Results: 
 >38 points: Inhaler technique probability 
correct. No need for review. 
 ≤38 points: Inhaler technique probability 
with errors. Must be reviewed. 
Adherence* (yes) 11 point 
Previous placebo device 
training 
8 points 
MOCA – Montreal Cognitive Assessment questionnaire. 




To our best knowledge, this is the first study addressing the major predictors of inhaler 
performance in elderly patients with all types of inhalers. Previous studies have been limited 
by the inability to perform multivariable predictive modelling or by the narrow selection of 
specific types of inhalers[22]. Our results show that poor inhaler performance in these 
patients is highly prevalent and different features should be considered in clinical practice to 
identify patients needing review. In addition, this is the first attempt to develop a predictive 
score that may be used as a clinical practice tool for clinicians, and that may ultimately allow 
the quick and easy identification of patients needing more attention for inhaler review. 
 
Inhaler performance may be considered acceptable in our results when regarded as a score, 
but we found a high prevalence of errors, some of them critical, which is associated with poor 
clinical outcomes[8]. In our study, some patients used multiple device types, but that was not 
associated with worse inhaler performance which is in contrast with previous reports [36 37]. 
The most used device types in our study were DPI, although other studies in the elderly 
reported the pMDI with a spacer as being more frequently used[38]. Considering demographic 
and clinical characteristics, our study is similar to previous reports[19 23], finding a 
considerable prevalence of cognitive impairment, depression, frailty, allergies and 
comorbidities with respiratory impact. 
The major identified predictors of inhaler performance were adherence rate, cognitive 
performance and previous inhaler education provided by a doctor using placebo device 
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training. Adherence seems to play a key role in inhaler performance[39] and previous inhaler 
education may improve it[40]. Our study is the first to establish this relation in the elderly. 
However this is still controversial, since many other factors may also influence inhalers 
use[41]. Our study suggests that placebo device training may be better than verbal 
explanation alone, and that was also suggested by a previous systematic review[42]. In 
addition, doctors seem to be better at teaching inhaler performance than other healthcare 
professionals, particularly regarding critical mistakes. This may be due to their focus on 
teaching the most important steps of inhaler technique although other factors such as time 
spent on teaching the technique during clinical appointments, specific characteristics of 
patient-doctor relationship or more frequent teaching by medical doctors, in Portugal, 
namely in primary healthcare practices, may also play a part. All doctors in our study were 
general practitioners and this did not allow us to check whether there were differences 
between these and pulmonologists or allergists, as described in a study involving younger 
asthmatics[20]. The cognitive score was also a major predictor of inhaler performance in our 
study, as previously reported [17 18 21]. 
Some other aspects should also be taken into consideration when dealing with elderly 
patients, namely being a woman or having a smoking history, because these factors may also 
be associated with worse performance, as we found. However, some of these findings are 
inconsistent with previous reports [22 43], and further studies are needed to clarify these 
aspects. In fact, regarding gender, a previous study from Gray et al[22] found men to have 
worse performance, but a more recent study[19] found the opposite, just like ours. Both 
studies, however, were done in younger patients, and both lacked an appropriate validated 
multivariate analysis. Regarding smoking history, our study is the first one to report its 
association with poor performance, and this may be due to confounding or due to the possible 
surrogate effect of smoking habits towards health self-awareness[44].  
Interestingly, patients with allergies or comorbidities, as well as those with depression, 
showed better performance score in our study. As opposed to a previous report[45], our study 
is the first one to establish such a positive association, and this must be taken into 
consideration in future studies. This may be due to a confounding effect or reverse causality, 
considering that these patients may show a greater concern about disease, greater 
experience in self-care or increased healthcare attendance 
Some previous studies identified other significant predictors, such as regular inhaler 
education, education level, health related literacy, osteoarthritis, frailty or living alone[7 19 
23 43 46 47]. However, in our study this was not confirmed when we adjusted these variables 
in multivariate analysis. This discrepancy could be due to a true confounding effect from such 
factors that was not properly controlled in the former reports. We therefore highlight the 
need for longitudinal cohort studies, which may clarify these causal associations. 
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The development of a multivariable and comprehensive analysis on such a wide range of 
predictors allowed the development of a simple predictive score that may be used as a quick 
tool for clinicians to identify high-risk patients. In fact, such a score highlights the significant 
influence of cognitive performance on the risk for poor inhaler performance, but it must also 
be stressed that, having a good adherence and a previous well performed placebo device 
education may overcome in part, some extent of cognitive impairment. This means that 
patients with mild cognitive impairment may present good inhaler performance, as long as 
the other two factors prevail. However, such an inference should not imply that inhaler 
performance could be neglected in these conditions. There are still critical situations in 
which this needs to be done, such as in poorly controlled patients, or after an exacerbation or 
a device switch [7 15]. Nevertheless, this, or similar tools should be tested in real word 
practice in order to confirm its applicability and reliability, because they may influence the 
course of future studies regarding inhaler review and, thus, future guidelines on this topic. 
 
Subgroup analysis of our data suggested that some core characteristics could be associated 
with different inhaler performances and device types. It seems that elderly patients older 
than 75 years or with cognitive impairment can properly handle pMDI with spacer and SMI, but 
not DPI. In the remaining cases, we found similar performances with any type of inhaler. 
These findings are not in agreement with a previous report that highlighted the superiority of 
DPI[37], although another study involving elderly asthmatics using a specific DPI also showed 
that patients older than 75 years had worse inhaler performance [23]. Thus, inhaler choice 
should be adjusted to the elderly patient’s profile particularly age, gender, cognitive status, 
and inhaler therapy review should consider these main aspects. 
 
Our findings regarding major predictors of inhaler performance present good statistical 
fitness. However, there are some limitations. Firstly, the cross-sectional design does not 
allow us to establish true causality pathways, which should be adressed in longitudinal cohort 
studies. Secondly, although sample size was calculated to test our main hypothesis, the 
relatively limited sample size hampers performance of more accurate subgroup analysis. In 
addition, studies performed with elderly patients are heterogeneous, involving diverse 
population profiles (age, disease severity, comorbidities), different inhalers or inhaler 
performance evaluation tools. This hampers the ability to compare our results with other 
studies, since many confounding factors may be involved. However, in contrast with most 
previous studies, our study also included multivariable modelling, which strengthens our 
analysis and improves the generalizability of our work. 
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Overall, there is growing evidence showing that inhaler education in elderly patients may lead 
to better disease self-management, improved inhaler performance and reduction in global 
healthcare consumption[48 49]. However, its impact on clinical outcomes, as well as the 
definition of the best method and frequency of review need to be further clarified. 
 
Conclusion 
Inhaler performance in elderly patients is still a major problem and seems to be strongly 
associated with cognitive status and adherence rate, and such aspects may be used as 
predictive scores in clinical practice. Previous inhaler education provided by doctors may 
reduce critical mistakes, and placebo device training seems to be the best method for these 
patients. 
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4.4 Inhaler technique in elderly Asthma or COPD patients – a 
predictive tool for clinical risk  
 
Abstract 
Background: Elderly with Asthma or COPD have poorer symptomatic control and more 
frequent exacerbations than younger patients. Several factors may be involved, namely 
incorrect inhaler technique or associated comorbidities, but most studies are inconsistent and 
contradictory. We aimed to develop a tool to identify the main predictors of clinical risk in 
these patients. 
Methods: Multicentre cross-sectional study including patients with diagnosis of Asthma or 
COPD using any inhaler type on a regular basis. Demographic, socioeconomic and clinical 
characteristics were collected as potential predictors, and the outcomes were quality of life, 
presence of symptoms, lung function (as % of predicted FEV1 values) and exacerbations in the 
previous year. Linear and logistic regression models were set up to identify significant 
variables. 
Results: We included 130 participants, mean age of 74.4(±6.4) years. The prevalence of 
inhaler technique errors was 71.6%. 82.3% had respiratory comorbidities and 56.2% had 
moderate to severe disease. Multivariate analysis showed that the most predictive variables 
of clinical control were previous doctor-provided teaching of inhaler performance, smoking 
load, anti-influenza vaccination and depression status. Respiratory comorbidities and 
educational level were also predictive of symptomatic control, as well as of exacerbations. 
Lung function was associated with smoking load, as well as with wrong inhaler dose activation 
and absent end pause after inhalation. 
Conclusion: Different factors seem to be associated with clinical control and risk of 
exacerbations in elderly patients with Asthma and COPD, and some of them, such as inhaler 
performance, smoking and respiratory comorbidities should be considered when monitoring 
these patients. 
 
KEYWORDS: Asthma; Chronic Obstructive Pulmonary Disease; Inhalers; Aged 
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Introduction 
Asthma and Chronic Obstructive Pulmonary Disease (COPD) affect more that 300 million 
people worldwide, and in a high proportion of these patients the disease is uncontrolled, with 
patients having regular symptoms and being at risk of exacerbations(1). These exacerbations 
or flare-ups affect up to 50% of patients in community health care settings and can be life-
threatening(2, 3). 
Elderly patients frequently experience several disease consequences, which may be due to 
frequent underdiagnosis, associated comorbidities with respiratory impact, and increased risk 
of drug interactions(4). Inhaler therapy is the most used approach to treating these patients 
but up to 85% of them do not use inhalers properly, which leads to poor clinical control and 
an increased risk of exacerbations(5-10). 
Elderly patients are more susceptible to poor inhaler performance(11), and some studies have 
identified potential associated predictors, such as the presence of other comorbidities(4), 
cognitive impairment(12), lower education level(13), lack of previous teaching of inhaler 
technique(14), as well as global frailty or hand osteoarthritis(15). Some of these 
characteristics, such as cognitive impairment, are common causes of unsatisfactory inhaler 
performance and clinical control, and are also worsened by recurrent disease 
exacerbations(16). Lung function itself declines with age, which compromises the ability to 
perform the needed inhalation flow that some inhalers require(17). It is, thus, difficult to 
establish a true independent predictor of clinical control even when considering and 
controlling for the influence of inhaler performance. 
As far as we know, no previous study has yet addressed the relationship between inhaler 
performance and clinical control in an integrated, multifactorial approach on elderly 
patients. This highlights the need to fully ascertain these factors as true independent 
predictors of inhaler performance and clinical control. On the other hand, elderly patients 
are frequenly excluded from research studies, although they are gaining more relevance as 
the populations keeps ageing on most developed countries, and this reinforces the importance 
of focusing attention on them. Our exploratory study aimed to develop a tool for identifying 




A multicentre cross-sectional study was carried-out, including patients diagnosed with 
Asthma, COPD or Asthma/COPD overlap (ACO), using any kind of inhaler on a regular basis and 
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aged 65 years old or above. We excluded patients with severe or acute illness, recent 
abdominal or chest surgery, as well as chronic respiratory dysfunction under oxygen therapy. 
Criteria and data collected: 
The following variables were collected for analysis of potential predictors: age, gender, body 
mass index, number of household members, occupational status, disease duration, disease 
stage/class according to GINA or GOLD classifications(2, 18), educational level, socioeconomic 
classification by Graffar scale(19), allergies or comorbidities with potential respiratory impact 
(such as diabetes, heart failure, obesity, chronic and allergic rhinitis, gastroesophageal reflux 
disease and sleep apnoea), smoking habits, depression (evaluated by geriatric depression 
scale, with a score above 5 points)(20), frailty (evaluated by a screening test, with a scale 
score above 2 points)(21), cognitive performance according to Montreal Cognitive Assessment 
(MoCA) test(22), anti-pneumococcal and anti-influenza vaccination, previous teaching of 
inhaler performance technique (including method used and provider), adherence rate(23), 
device type and inhaler performance. Adherence rate was evaluated as a continuous variable 
with a score between 0 (total adherence) and 7 (non-adherence)(23). We measured inhaler 
performance as the presence of at least one error (dichotomous), as a performance score in a 
0-10 scale (continuous), and also as the presence of errors in any of the following four steps: 
dose activation (with Dry Powder Inhaler (DPI) and including poor coordination with 
pressurized Metered Dose Inhaler (pMDI), previous expiration, inhalation technique itself and 
end pause. Performance score was obtained according to the number of errors made when 
using each device following the total number of recommended steps. 
Clinical risk was defined according to four main outcomes of interest: exacerbations in the 
previous year (as a dichotomous YES/NO variable; and also as a continuous variable in terms 
of number of exacerbations); functional control, using Forced Expiratory Volume in 1st second 
(FEV1) as a % of predicted value (continuous); quality of life scale score, using St. George`s 
Respiratory Questionnaire(24) and Asthma Quality of life Questionnaire (AQLQ)(25) (as a 
continuous variable with scores standardised to a 0-10 scale); and symptom assessment, using 
COPD Assessment Tools (CAT)(26), modified Medical Research Council (mMRC)(27), Control of 
Allergic Rhinitis and Asthma Test (CARAT)(28) and Asthma Control Test (ACT)(29) (as a 
dichotomous variable YES/NO). Good symptomatic control was defined as a score above 24 
points in CARAT, or as an ACT score above 19 points for Asthma patients whereas a CAT score 
below 10 points and an mMRC score below 2 points were used for COPD patients. 
Six researchers with a medical degree were involved in assessment of inhaler technique and 
collection of data. These researchers underwent specific training in the process of inhaler 
technique assessment, in order to standardize procedures. 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 118 
Statistical analysis and model building: 
All data were analyzed with IBM SPSS Statistics© and STATA Statistical Package© software and 
alfa level was set at 0.05. 
We used linear and logistic regression models to test associations between predictors and 
outcome variables. During model building, we performed bivariate associations at the first 
stage, in order to identify significant variables to be included at a 0.25 alpha level(30). 
Models were set using step-down and step-up approaches, and different models were 
rechecked with homoscedasticity tests and the necessary validation tools (namely Hosmer 
Lemeshow test, AIC and BIC values, Area Under the Curve (AUC) values for ROC curves, 
Sensitivity and Specificity values and Multicollinearity). 
Ethics: 
This study was conducted in accordance with the amended Declaration of Helsinki. The study 
protocol was reviewed and analysed by an Institutional Review Board of the University of 
Beira Interior, in May 2017, and by the local Ethics Committee of the University of Beira 
Interior, with the reference number CE-UBI-Pj-2017–025 and was approved on 22 November 
2017. Every participant signed a written consent form. 
 
Results 
A total of 130 participants were included, with a mean age of 74.4(±6.4) years. Baseline data 
from demographic, socioeconomic and clinical features are reported in Table 4.4.1.  
Most participants had low socioeconomic and educational level, and more than half had a 
moderate or severe disease stage. More than 80% had some type of allergies or comorbidities 
with respiratory impact. Depression and frailty were present in nearly 30% of the participants 
and cognitive impairment (MoCA test score <25 points) was present in more than 68%. Non-
adherence rate was about 64%. Exacerbation rate in the previous year was almost 50%. 
Table 4.4.2 reports data on inhalers used by participants and their features. A high proportion 
(71.6%) of patients made at least one technical error. The most common errors were present 
in previous expiration (absent in 50.7% of the cases) and in the end pause (absent in 47.3% of 
the cases). Almost all patients had received some type of previous inhaler education, but not 
on a regular basis. The most used method was placebo device training, mainly provided by a 
doctor at the time of initial prescription. Inhaler education provided by doctors seemed to 
have more positive impact than that provided by a nurse or pharmacist in all outcome 
measures (alpha levels reported in Table 4.4.2). In addition, functional control was 
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significantly associated with performance itself and with some specific type of errors, namely 
wrong dose activation and absent end pause. 
Table 4.4.3 reports the best-fitted multivariate models with the major identified predictors.  
Logistic regression for having “Good symptomatic control” identified as major significant 
predictors: at least elementary school education (OR: 3.768), allergies (OR: 0.291) and being 
depressed (OR: 0.110). This model presented an AUC of 0.759 (0.676; 0.842), with a 
sensitivity of 93.5% and a specificity of 21.6%, a positive predicted value of 57.1% and a 
negative predicted value of 75%. Excluded variables from the model (due to non-significance) 
were age, gender, body mass index, socioeconomic level, living alone, type of diagnosis, 
years of diagnosis, smoking status, frailty status, anti-influenza and anti-pneumococcal 
vaccination, cognitive performance, adherence rate, device type, previous placebo device 
training and previous inhaler review provided by a doctor.  The model was confirmed 
regarding statistical control for inhaler performance covariates (presence of at least one error 
and performance score), and all predictors maintained the statistical significance for 
coefficients (and OR). 
Logistic regression for having “Exacerbation history” identified as major significant 
predictors: educational level (OR: 0.661 for higher levels), moderate or severe disease stage 
(OR: 3.361) and the presence of allergies or comorbidities (OR: 4.188). This model presented 
an AUC of 0.712 (0.623; 0.802), with a sensitivity of 65.9% and a specificity of 74.2%, a 
positive predicted value of 64.4% and a negative predicted value of 75.4%. Excluded variables 
from the model (due to non-significance) were gender, body mass index, number of household 
members, type of diagnosis, smoking status and smoking load, being depressed, frailty status, 
cognitive performance, adherence rate, device type, using multiple devices and having a 
previous inhaler education provided by a doctor. The model was confirmed regarding 
statistical control for inhaler performance covariates (presence of at least one error and 
performance score), and all predictors maintained the statistical significance for coefficients 
(and OR). 
Linear regression for “quality of life score” identified as major predictors: current number of 
cigarettes per day (decrease in 0.113 points for each unit), previous inhaler education 
provided by doctor (increase of 1.352 points), and having anti-influenza vaccination (increase 
of 0.1003 points). The regression line of the model is available on supplementary material – 
Figure 4.4.1. A Poisson regression was performed with the same predictors, to confirm the 
best-fitness of the linear regression (adapted from previous reports on a statistical approach 
to counting variables(31)). Excluded variables from this model (due to non-significance) were: 
living alone, type of diagnosis, allergies, frailty status, being depressed, anti-influenza 
vaccination, cognitive performance, adherence rate, using multiple devices and having 
regular inhaler review. 
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Linear regression for “FEV1% of predicted values” identified as major predictors: smoking 
pack-years (decrease in 0.233 points for each unit increase), non-adherence score (increase 
of 5.807 points for each unit increase in the questionnaire score), regular inhaler review 
(decrease of 18.613 points), wrong dose activation (decrease of 23.842 points) and absent end 
pause (decrease of 18.353 points). The regression line of the model is available on 
supplementary material – Figure 4.4.2. A Poisson regression was performed with the same 
predictors, to confirm the best-fitness of the linear regression (adapted from previous reports 
on a statistical approach to counting variables(31)). Excluded variables from this model (due 
to non-significance) were: gender, body mass index, educational and socioeconomic level, 
number of household members, type of diagnosis, allergies or comorbidities, previous inhaler 
education provided by a doctor and number of years since last review. The model was 
confirmed regarding statistical control for disease stage as a covariate, and all predictors 
maintained the statistical significance for coefficients (and OR). 
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Table 4.4.3 – Predictors identified with statistical significance on multivariate analysis 
according to the major outcome variables. 
Outcome – Good Symptomatic Control (logistic regression) 
Predictor variables in the model Coef. SD p-value Exp. (coef.) 95%CI 
Education above elementary school 1.326 0.493 .007 3.768 1.433 9.909 
Allergies with respiratory impact -1.235 0.561 .028 0.291 0.097 0.873 
Being depressed -2.206 0.665 .001 0.110 0.030 0.406 
(Constant) -0.565 0.283 .046 0.569   
AUC: 0.759 (0.676;0.842) 
Cox&Snell Pseudo-R2: 0.185 
      
Outcome – Exacerbation History (logistic regression) 
Predictor variables in the model Coef. SD p-value Exp. (coef.) 95%CI 
Educational level -0.414 0.188 .028 0.661 0.457 0.956 
Disease moderate or severe stage ** 1.212 0.454 .008 3.361 1.381 8.182 
Allergies/comorbidities with respiratory 
impact 
1.432 0.706 .042 4.188 1.050 16.704 
(Constant) -1.305 0.783 .095 0.271   
AUC: 0.712 (0.623;0.802) 
Cox&Snell Pseudo-R2: 0.174 
      
Outcome – Quality of Life Score (linear regression) 
Predictor variables in the model Coef. SD p-value VIF 
Current nº of cigarettes/day -0.113 0.031 <.001 1.02 
Previous teaching provided by doctor 1.352 0.441 .003 1.01 
Anti-influenza vaccination 1.003 0.464 .033 1.02 
(Constant) 5.067 0.533 <.001  
R2: 0.198 (adjusted to 0.174) 
Mean VIF: 1.02 
    
Outcome – FEV1% of predicted values (linear regression) 
Predictor variables in the model Coef. SD p-value VIF 
Smoking Pack-years -0.233 0.084 .006 1.025 
Non-adherence score* 5.807 1.694 .001 1.204 
Annual or biannual  inhaler review -18.613 6.604 .006 1.101 
Wrong dose activation -23.842 6.942 .001 1.160 
Absent end pause -18.353 5.068 <.001 1.119 
(Constant) 93.992 4.262 <.001  
R2: 0.342 (adjusted to 0.306) 
Mean VIF: 1.09 
    
AUC – area under the curve; VIF - Variance inflation factor for collinearity 
*Adherence score was used as a continuous variable with a score between 0 (total adherence) and 7 
(non-adherence)(32). **Disease moderate to severe stage considered as Asthma on steps 3 and 4, as 
well as COPD on grade C or D. 
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Figure 4.4.1-Regression line of the multivariate analysis to quality of life score. 
 
 




This is the first study to integrate major predictors of clinical risk in elderly patients with 
Asthma or COPD, while controlling for several issues of inhaler performance. Our results show 
that clinical risk is particularly complex in these patients, depending not only on inhaler 
performance, but also on other independent predictors that should be considered in order to 
identify patients requiring more focused clinical attention. 
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The main findings on demographic and clinical features are in line with other reports, namely 
in terms of educational and socioeconomic levels as well as the prevalence of allergies and 
comorbidities with respiratory impact(13, 15). We also highlight the high rate of annual 
exacerbations, the high prevalence of patients with a moderate or severe disease stage and 
the low adherence rate. We found a high prevalence of errors and poor inhaler performance 
with some devices, which is associated with poor clinical outcomes(32). Although most 
patients had received previous inhaler education, in most cases this was performed only once 
by the doctor at the time of initial prescription, which highlights the need to improve regular 
follow-up and further educational interventions. 
The major predictors of global clinical risk that we have found are educational level, disease 
stage, smoking load, depression, concomitant allergies or comorbidities, anti-influenza 
vaccination and inhaler performance. Most of these predictors had already been identified in 
previous reports(2, 4, 18). 
Previous teaching on inhaler performance provided by a doctor seems to improve quality of 
life better than that provided by nurses or pharmacists. This could be due to an improved 
global health care provided by doctors, involving time spent on teaching the technique during 
clinical appointments, specific characteristics of patient-doctor relationship or more frequent 
teaching by medical doctors. In addition, doctors probably focus on more embracing issues, 
seizing the opportunity to deliver other self-management tools with such impact. Besides 
that, patients may more easily follow recommendations from their physician with whom they 
have established a good relationship, which improves adherence to treatment. On the other 
hand, inhaler review provided in a private environment, which usually happens in the medical 
office, can also promote better outcomes. Few studies have addressed these differences 
among health care professionals, but it should be further analysed because the evidence is 
still divergent(33-35). 
Anti-influenza vaccination also seems to be associated with better quality of life. It reduces 
the symptomatic burden from influenza epidemics, but this may also be a proxy for patients 
with a higher level of literacy and self-care initiatives. Indeed, previous studies have 
highlighted the importance of literacy and motivation on clinical outcomes(36). We found a 
strong association between smoking load and quality of life, as well as between smoking load 
and pulmonary function (in FEV1% values) and that has also been demonstrated(2, 18). 
Inhaler performance may also affect FEV1% values, as detected in our study, mainly regarding 
correct dose activation and the presence of end pause, and these may present as critical 
steps. There are several inhalers available on the market(37, 38) and all have different 
specifications that should be considered in order for patients to receive the adequate inhaled 
dose. In this context, DPI need proper inhalation flows and pMDI need good coordination on 
dose activation to get the drug deep in the airways, and the end pause may be critical to 
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allow its sedimentation(17). Previous reports have highlighted the superiority of DPI in inhaler 
performance(39), but in our study they do not seem to be better than other device types 
regarding clinical outcomes. Some of these previous reports may have underestimated the 
impact of DPI on clinical features, because they were not designed to properly control for 
other predictor variables as potential biases, as we did. The report by Price et al. highlighted 
the importance of critical errors, pointing out some of these issues, namely wrong dose 
activation(32). Our study is the first to specifically address and identify this problem in 
elderly patients, and highlights the need for further investigation of critical errors. 
In our study, we also found that patients with good inhaler adherence and with previous 
regular inhaler review had poor FEV1% values, and these findings were sustained even when 
controlling for disease stage and symptom control. This may be explained by a reverse 
causality phenomenon, at least in part, considering the fact that patients with poorer lung 
function may receive health care follow-ups more regularly, and thus, more interventions on 
inhaler performance and adherence. In fact, some studies suggest a close association 
between previous education on inhaler performance and adherence rate(40), but the true 
causal pathway and its impact on clinical control should be addressed in detail in future 
longitudinal studies. 
Finally, we found a strong association between lower educational level and exacerbation risk, 
as well as between lower educational level and symptom control. Few studies have 
specifically addressed this direct relationship(41). Educational level and literacy are also main 
predictors of good inhaler performance(13, 42), and this could be an important causal 
pathway to consider. 
Our study has some limitations. Although our findings present good statistical fitness, it is 
difficult to establish clear causality pathways due to the cross-sectional design and the 
limited sample size, which hampers the ability to perform more detailed subgroup analysis 
and control for such important covariates. In addition, studies carried out in older patients 
are heterogeneous, in terms of age, disease severity, or comorbidities, and involve different 
inhalers or inhaler technique evaluation tools. This makes comparison of our results with 
those from other studies difficult, since various confounding factors may interfere. However, 
in contrast with most previous studies, our study also included multivariable modelling, which 
strengthens our analysis and improves the generalizability of our work. Considering our broad 
inclusion criteria of elderly patients, as well as the significant amount of potential predictors 
that were here analysed, we believe our study brings a new and clear insight upon this 
remarkable topic, and thus, standing out for its generalizability. In addition, due to the 
ageing population on most countries worldwide, and the burden of health economics, it is of 
paramount importance to identify priority targets for deliver more accurate and efficient 
interventions. 
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It is well known that proper inhaler performance in elderly patients can reduce clinical risk 
and global healthcare consumption(43, 44). However, its independent influence on some 
clinical outcomes seems to be attenuated by other major factors, such as concomitant 
allergies or comorbidities, smoking load, depression and educational level. These 
characteristics should be addresses with more attention on clinical practice, in order to 
optimize intervention’s efficiency. More studies are needed in order to establish clear causal 
pathways, mainly with large cohort designs, following the disease window from early stages 
until the end of life. 
 
Conclusion 
Inhaler performance in elderly patients with Asthma or COPD is a major predictor of clinical 
risk, and some errors appear to be critical. However, different factors also seem to be 
associated with clinical control and exacerbations, such as educational level, smoking load 
and respiratory allergies or comorbidities, and should be properly considered when monitoring 
these patients. 
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4.5 Inhaler technique education in elderly patients with Asthma 
or COPD: impact on disease exacerbations – a protocol for a 
single-blinded randomised controlled trial  
 
Abstract 
Introduction: COPD and Asthma affect more than 10% of the population. Most patients use 
their inhaler incorrectly, mainly the elderly, thereby becoming more susceptible to poor 
clinical control and exacerbations. Placebo device training is regarded as one of the best 
teaching methods, but there is scarce evidence to support it as the most effective one to 
improve major clinical outcomes. Our objective is to perform a single-blinded RCT to assess 
the impact of this education tool in these patients. 
Methods and Analysis: A multicentre single-blinded RCT will be set up, comparing an inhaler 
education programme with a teach-to-goal placebo-device training versus usual care, with a 
one-year follow-up, in patients above 65 years of age with Asthma or COPD. Intervention will 
be provided at baseline, and after 3 and 6 months, with interim analysis at an intermediate 
time point. Exacerbation rates were set as primary outcomes, and quality of life, adherence 
rates, clinical control and respiratory function were chosen as secondary outcomes. A sample 
size of 146 participants (73 in each arm) was estimated as adequate to detect a 50% reduction 
in event rates. Two-sample proportions Chi-squared test will be used to study primary 
outcome and subgroup analysis will be carried out according to major baseline 
characteristics. 
Ethics and dissemination: Every participant will sign a written consent form. A Data Safety 
Monitoring Board will be set up to evaluate data throughout the study and to monitor early 
stopping criteria. Identity of all participants will be protected. This protocol was approved on 
the 22th November 2017 by the local Ethics Committee of University of Beira Interior, with 
the reference number CE-UBI-Pj-2017-025. Results will be presented in scientific meeting and 
published in peer-reviewed journals. 
 
KEYWORDS: Chronic Obstructive Pulmonary Disease; Asthma; Nebulizers and Vaporizers 




Asthma and COPD affect about 10% of the population, but many patients have uncontrolled 
symptoms (1). In Asthma, in particular, it should be highlighted that only 57% of all patients 
were shown to have their symptoms controlled (2, 3), and the elderly population is 
particularly vulnerable to this condition (3). In fact, late onset Asthma may be frequently 
misdiagnosed and mistreated, and the risk of drug interactions also requires close monitoring 
(4).  Hospitalisation rates due to Asthma and COPD are reported to reach 27% among non-
adherent patients, and could be up to 53% in community treated cases, and this may be even 
more apparent in elderly patients. It should also be stressed that good adherence to inhaler 
treatment may, in contrast, be associated with a lower rate of severe exacerbations, with 
reductions observed in up to half of the cases (5-7). 
Inhaler technique: 
Inhaled therapy is the most widely used way to treat patients with Asthma and COPD(8),  but 
up to 90% of them do not use their inhalers correctly (9, 10). Performance errors have been 
described with almost every type of device, and over the past decades this problem has not 
improved, which highlights the need to better understand the specificities of different inhaler 
use as well as the impact of different inhaler teaching methods (11) Several inhaler devices 
are available on the market and it seems that differences either in device type or in patient 
characteristics may significantly influence performance (12). However, all inhalers, when 
properly used, show no significant differences in terms of treatment efficacy (13, 14), but it 
is well established that poor inhaler technique leads to poor clinical control (15, 16) and also 
to increased health costs (17). In addition, some type of specific errors seem to have a higher 
impact on clinical control, but there is no consensus yet on which errors are critical and non-
critical (18, 19) 
Patients in controlled trials receive more training in inhaler performance and more 
counselling on adherence than patients who are seen as part of routine clinical practice, but 
few studies have addressed these variables as separate outcomes (20). Some studies show 
that teaching inhaler technique may lower the risk of exacerbations and death (6, 21, 22). 
However, its impact is quickly lost as time elapses, suggesting this is a practice that should be 
rechecked and regularly applied to patients (23, 24). Nevertheless, how often the review 
should be carried out has not been established yet, since most studies have not addressed this 
issue in an isolated manner. 
Significant evidence has shown that inhaler technique performance is regarded as particularly 
complex by older patients (25, 26). These patients also present lower adherence rates (9) and 
are more resistant to correct performance (27, 28). Furthermore, other major characteristics 
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may influence inhaler use, such as educational level, previous teaching, or even age itself 
(i.e. age above 75 years) (29) However, the significance of these observations still has to be 
fully ascertained since elderly patients are frequently excluded from major clinical trials. 
Randomised studies with elderly patients are scarce, and most of them did not address these 
aspects. Some of these studies have shown significant reductions in exacerbation risk, but 
most of them addressed several aspects of intervention besides inhaler technique education 
itself, namely self-management plans, disease knowledge, management of exacerbations and 
their triggers. None has yet addressed inhaler review alone or in a regular education 
programme (21, 30-33). Inhaler technique may be taught using many tools, such as step-by-
step flyer schemes, video demonstrations, videoconferencing and face-to-face demonstrations 
or even using web-based platforms, but there is insufficient evidence about which is the best 
education method to improve inhaler performance or its impact on major outcomes (34-37). 
Nevertheless, some studies including adult patients as well, suggest that the most efficient 
method seems to be using a teach-to-goal approach with placebo device demonstration and 
training provided in person (38-42). In addition, manufacturers’ recommendations often differ 
from clinical guidelines, which makes it difficult for patients to fully understand all the 
necessary steps of inhaler use (43). This highlights the importance of watching patients using 
their inhalers, which can be achieved with a placebo device training set. 
This study will focus on elderly patients and aims at testing the effect of a structured and 
regular placebo device training approach on disease exacerbation rates. 
 
Specific Aims and Hypotheses 
Our objective is to test the impact of an inhaler technique education programme on the risk 
of exacerbations in elderly patients with Asthma or COPD.  
The main hypothesis is that, among elderly patients with Asthma or COPD, regular education 
of inhaler technique using a teach-to-goal placebo device-based approach, and delivered by 
family doctors at baseline, 3 and 6 months, can reduce the exacerbation risk by 50% after a 
one-year follow-up, when compared to usual care. 
 
Research Design and Methodology 
Study Design: 
Two arms single blinded randomised controlled trial with a 1 year follow up (figure 4.5.1). 
Participants will be allocated to each group on a random basis, which is defined by a 
computerised generator and is independent of the control of the principal investigator. The 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 138 
allocation sequence of the 146 participants will be defined through a computer generator 
prior to the start of the study. After the generation of this sequence, 146 envelopes will be 
created, numbered in the appropriate order, and will contain the result of the allocation. The 
order of the envelopes’ number will define the order of participants` enrolment. The 
principal investigator will not be aware of the information contained within the envelopes, 
thereby maintaining a minimisation randomisation process. To ensure the accuracy of the use 
of the envelopes, the documents inside the envelope will be signed by the Data Safety 
Monitoring Board and must be returned by the researchers after the allocation of the 
participants. 
 
Figure 4.5.1 – Study design diagram. 
Sample size calculation: 
Sample size was estimated using the Chi square independent group proportions approach of 
STATA Statistical Package©, considering the event proportion in control group of 50% (0.5 
annual rate) as reported in other previous studies (21, 22, 44) and estimating a reduction of 
event rate in the intervention group to 25% (0.25 annual rate) as reported in similar studies. A 
95% confidence interval, with β value (power) of 80%, an alpha level of 5% and a ratio of 
cases/controls of 1:1 were established. Finally, the sample size was readjusted upward, 
considering an estimated proportion of full compliance of the study of 80% (20% losses). The 
estimated sample size was 116, readjusted to a total of 146 individuals (73 in each arm). 
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Inclusion Criteria: 
Patients with a diagnosis of COPD or Asthma, prescribed any kind of inhaler device 
(pressurised Metered Dose Inhaler (pMDI) with or without Spacer, Dry Powder Inhaler (DPI) or 
Soft Mist), aged ≥65 years and being a regular user of primary healthcare services (defined as 
having had at least one appointment in the last two years with his/her own Family Doctor). In 
order to minimise diagnostic inaccuracy, Asthma and COPD diagnosis will be reviewed in every 
participant at baseline prior to enrolment and in accordance with GINA and GOLD strategies 
(45, 46). 
Exclusion Criteria: 
Severe or acute illness (such as unstable cardiovascular status, unstable angina, recent 
myocardial infarction (within one month) or pulmonary embolism, haemoptysis of unknown 
origin, recent pneumothorax (within one month), recent thoracic, abdominal or eye surgery 
(within one month), acute nausea or vomiting, severe respiratory distress, dementia). 
We will exclude patients who do not need inhaler medication on a daily basis, since these 
patients are less susceptible to the full impact of the intervention. In addition, these are 
mostly patients with intermittent Asthma, as well as patients with COPD with mild 
obstruction (GOLD stage I), and tend to have a low frequency of disease exacerbations, which 
would hamper our ability to detect a true outcome effect. 
Predictors/Intervention: 
Intervention Group – This group will receive a structured and regular follow-up plan, with 
education on inhaler technique. Patients will be trained by a Family Doctor (the primary 
investigator) in terms of the inhaler technique using placebo devices similar to their own 
devices. We will start by evaluating their baseline technique, and then, a teach-to-goal 
approach will be used with correction of identified errors. Then we will ask patients to 
demonstrate the inhaler technique, and again, errors will be corrected by demonstration. We 
will repeat all correct steps as many times as needed in order for patients to perform them 
correctly. This intervention will be performed at baseline, 3 and 6 months. Outcomes will be 
assessed at baseline and after 3, 6 and 12 months, since there is dissenting evidence about 
the best timeline to achieve significant exacerbation risk reductions (21, 30, 32). In each 
visit, and prior to the main intervention with the primary investigator, assessment of the 
inhaler technique and application of all questionnaires (clinical control, treatment adherence 
and quality of life) will be performed by a secondary blinded investigator. 
Control Group – This group will receive usual care from their own Family doctors, with no 
specific intervention. Each doctor will perform the necessary clinical appointments according 
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to his/her real life judgement. Besides this, this group will have visits at baseline and after 3, 
6 and 12 months to assess secondary outcomes. At each visit, assessment of the inhaler 
technique and application of all questionnaires (clinical control, treatment adherence and 
quality of life) will be performed by a secondary blinded investigator. At any appointment, if 
the patient asks for or if the clinician decides to teach inhaler technique, that will be 
recorded, since it will be important to analyse and control for the true effect size of 
intervention. 
If any adjustments are made in drug classes or device types in any participant, this 
information will be recorded. 
Outcomes of interest: 
Primary Outcome: Adverse events (continuous, time to event). 
For Asthma, an event will be defined as increased respiratory clinical symptoms leading the 
patient to search for medical care, and resulting in any of the following: 
 Need for increased inhaled corticosteroid dose of at least 4x the regular dose 
 Need for increase of short-acting β2 agonists on a daily basis 
 Need for oral corticosteroids 
 Need for oral antibiotics 
 Hospitalisation or Emergency Room (ER) visit with increased respiratory clinical 
symptoms. 
For COPD, an event will be defined as increased respiratory clinical symptoms prompting the 
patient to search for medical care, and resulting in any of the following: 
 Need for increase of long-acting β2 agonists on a daily basis 
 Need for oral corticosteroids 
 Need for oral antibiotics 
 Hospitalisation or ER visit with increased respiratory clinical symptoms. 
Respiratory-related mortality and all-cause mortality will also be considered an adverse 
event. All adverse events and mortality causes will be carefully analysed in order to assess 
their eligibility by two independent and external investigators, who will constitute a Data 
Safety Monitoring Board. This will be performed using different platforms of clinical records, 
from the ER of the regional reference hospital, from the Primary Healthcare facilities (such as 
PEM© for prescribed drugs, SCLINICO© for clinical records and PDS© for ER records) and even 
by asking the participant for additional information. After any event, and if necessary for 
ethical reasons, inhaler technique and adherence improvement will be addressed by the 
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primary investigator regardless of the participant allocation, and in accordance with the 
recommendation of the Data Safety Monitoring Board. 
Secondary Outcomes: 
 Clinical assessment using COPD Assessment Tools (CAT) and modified Medical 
Research Council (mMRC) for COPD; Control of Allergic Rhinitis and Asthma Test 
(CARAT) (47) and Asthma Control Test (ACT) for Asthma (48). 
 Quality of Life using St. George’s Respiratory Questionnaire (49) and Clinical COPD 
Questionnaire (CCQ) (50) for COPD and Asthma Quality of Life Questionnaire (AQLQ) 
(51).  
 Functional control using Forced Expiratory Volume in 1st second (FEV1), Forced Vital 
Capacity (FVC), Peak Expiratory Flow (PEF) and Maximum Expiratory Flows of 25-75% 
of FVC (MEF25-75) as a % of predicted value; and FEV1/FVC ratio. 
 Adherence rate using the Brief Medication Questionnaire (this will also evaluate the 
frequency of using the devices) (52). 
 Number of errors in inhaler technique (that will be standardised to a score up to 100% 
scale) 
To evaluate inhaler technique performance with each device, the Aerosol Drug Management 
Improvement Team (ADMIT) protocols and guidelines will be used (53), evaluating all the 
recommended steps for inhaler use in each one of them (pMDI with or without chamber, Qvar 
Autohaler, Turbohaler, Diskus, Aerolizer, Handihaler, Breezhaler, Novolizer, Genuair, 
Twisthaler and Easyhaler). For those devices that do not have any protocol from the ADMIT 
group we will use the recommendations from the manufacture`s Summary of Product 
Characteristics (Soft Mist Inhaler, Budesonide from Farmoz®, Ellipta, Spiromax and Forspiro). 
All questionnaires will be used in validated Portuguese versions (47-52, 54, 55). All 
participants will perform spirometry with bronchodilation test at baseline visit for diagnostic 
confirmation, as well as a baseline spirometry without bronchodilation for functional control 
at subsequent visits. A certified provider will perform spirometry. 
Other variables collected at baseline: 
 Demographics (Body Mass Index, Age, Sex) 
 Classification of clinical status, according to: 
 Exacerbation history. 
 Years of diagnosis. 
 Asthma classification/stage according to GINA guidelines (clinically as well 
controlled, partially controlled or uncontrolled; and therapeutically as in STEP 
1, 2, 3, 4 or 5)(45) 
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 COPD stage according to 2017 GOLD guidelines (combined assessment stages 
A,B,C and D; and severity of airflow limitation GOLD 1, 2, 3 and 4)(46). 
 Social class according to Graffar classification (Portuguese version)(56). 
 Co-morbidities (such as concomitant allergic rhinitis, cancer, cardiac heart failure, 
alcohol or drug abuse, current smoking and smoking pack years, diabetes mellitus, 
previous stroke or acute myocardial infarction, thoracic, abdominal or cerebral 
aneurysms, severe osteoarthrosis in hands and upper limbs). 
 Depression using Geriatric Depression Scale in Portuguese(57). 
 Frailty state in elderly, using a self-reported instrument in Portuguese (58). 
 Cognitive function using Montreal Cognitive Assessment (MoCA) in Portuguese (59) 
 Influenza and pneumococcal vaccination status 
 Previous teaching of inhaler technique, specifying the education type (placebo 
device, video, leaflet, multimedia, etc.). 
 Years of use with current device. 
The principal investigator will collect all baseline data prior to allocation and randomisation, 
and this will be recorded in a proper form. 
Statistical Analysis: 
The hypothesis testing approach will be the following: 
Null hypothesis: Teaching inhalation technique performance with a placebo device approach 
does not reduce the exacerbation risk in elderly patients with Asthma or COPD after a one-
year follow-up. 
Alternative hypothesis: Teaching inhaler technique performance with a placebo device 
approach reduces the exacerbation risk in elderly patients with Asthma or COPD after a one-
year follow-up. 
Dichotomous Predictor: Usual Care VS Regular teach-to-goal education with placebo device. 
Dichotomous Outcome: Exacerbation Yes/No 
Data will be analysed using the STATA Statistical Package© software. 
Test statistic for primary outcome: Dichotomous data will be analysed with a two-sample 
proportions Chi-square test and a COX proportional hazard time-to-event analysis, and both 
arms will be compared using the measures of association: risk ratio; risk difference; hazard 
ratio and Number Needed to Treat (NNT) analyses.  
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Test statistic for secondary outcomes: Continuous data will be analysed using parametric 
tests, such as T test for comparison of mean values and dichotomous data will be analysed 
using Chi-square test. In order to test differences between groups in the mean values of 
continuous analysis, mixed effects models for repeated measures will be used. For binary 
outcomes, linear regression models with group-time interactions will also be adapted, and 
generalised linear models (such as Poisson regression) will be applied for exacerbations, as 
recommended in the literature (60). As an alternative approach, generalised estimating 
equation models will be used to handle unmeasured dependence between outcomes. 
In case of cohort losses above 20%, comparative analysis for intention to treat, per-protocol 
and a multidata imputation will be carried out. Missing data will be treated as missing 
completely at random. Subgroup analysis will be performed according to secondary variables, 
such as diagnosis, age (including stratification into the following categories: 65-75, 75-85, and 
>85 years), sex, years of diagnosis, disease classification/stage, comorbidities, educational 
level, previous teaching of inhaler technique, device type, as well as the specific types of 
detected errors (in order to identify the most critical ones). This will be performed using 
regression models to multivariate analyses. 
An interim analysis will be performed midway through the follow-up, namely at 6 months, 
defining a significance level adjusted by the Bonferroni technique of 0.025 (61). 
Study Setting: 
The study will be conducted in a multicentre network that will include two or three primary 
care centres, which will be coordinated by a team of experts in the field. All of them will be 
in urban or suburban areas. A Portuguese primary care centre usually accounts approximately 
for more than 10,000 patients, and about 30% of them are aged above 65 years. Considering 
an approximate prevalence of Asthma and COPD of 8% in this population, there is a potential 
target population of almost 250 patients in each healthcare facility. Recruiting patients at 
more than one site will improve the feasibility, reproducibility and credibility of the study, 
but will increase all the logistic issues. 
All invited participants will have a first contact will the primary investigator to confirm the 
diagnosis and all the eligibility criteria, and to carefully explain all the study procedures 
before their inclusion and subsequent randomisation. Diagnosis will be confirmed according to 
state of the art and the previously mentioned updated guidelines, and with spirometry. The 
number of patients screened and deemed ineligible as well as the number of patients who are 
considered eligible but decline participation will be also recorded. 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 144 
Timeline: 
 Study protocol final version: August 2017 
 Ethics consent and scientific academic authorisation: December 2017 
 Clinical administrative authorisations: first semester of 2018 
 Multicentre team gathering: first semester of 2018 
 Beginning of recruitment: second semester of 2018 
 End of recruitment: second semester of 2019 
 Data analysis and dissemination: during 2020 
Patient and Public Involvement: 
No patient or public were involved in the design of this protocol, or in the establishment of 
the intervention and the outcome measures. Results from all participants will be given to 
their own family doctors in order to be used if deemed necessary to clinical practice. 
 
Discussion 
This study is innovative because it includes exclusively elderly patients with Asthma or COPD, 
addressing a specific placebo device education programme, alone, without any other aspects, 
and it was designed to detect a significant reduction on disease exacerbation rate. It is 
expected to detect approximately 55 adverse events, 18 in the intervention group and 37 in 
the control group. In addition, it is expected to find a more significant improvement in the 
intervention group, in all clinical and functional parameters during the follow-up. 
This study has some limitations, mainly in selection bias due to the risk of missing data and 
follow-up losses. To overcome this problem, different strategies will be applied, such as an 
increase in estimated sample size, readjusted for an estimation of 20% losses; and sending a 
reminder prior to each visit using SMS/Email/Call to contact the participant. 
Another aspect that could bias our study is the Hawthorne effect throughout the study (ie. 
behaviour change in participants due to their involvement in the study). However, we believe 
that by establishing a cohort time of one year this effect will not be sustained. On the other 
hand, the control group (“usual care”) will maintain their usual care at their own family 
doctors, who are completely free from any influence of the study design. For this reason, the 
control group (“usual care”) participants will not receive any intervention from the primary 
investigator. They will only contact with the secondary investigator in order to collect 
endpoints and outcome data, and the latter is completely blinded to randomisation. With this 
approach, the Hawthorne effect will not contaminate the control group, and will represent a 
real life usual care. On the other hand, the Data Safety Monitoring Board will be composed of 
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two external investigators, who will, together with the statistician, be blinded to the 
endpoints and outcomes (PROBE setting). Using usual care as the comparator arm also brings 
some limitations to consider, because it is not a perfect comparator due to its nature. It is 
not sufficient for good patient outcomes and it is not standardised. This aspect is due, for 
instance, to the fact that patients on usual care can receive interventions on inhaler 
education and self-management tools from other uncontrolled sources. To overcome that we 
will retrospectively query patients in this arm and their own family doctor for any type of 
interventions that may have been delivered during the study period. 
Another possible limitation of our study is that we will not use electronic measures of 
adherence and inhalation techniques. These are a very useful approach to monitoring real 
world adherence to inhaler therapy. In fact, these electronic measures overcome the bias 
seen with self-report and other problems observed with objective medication checks such as 
prescription refill rates. However, most electronic measures of adherence do not measure 
timing of device activation but rather the overall number of activations performed, and, in 
addition, this measure does not mean that medication was taken on a regular basis (patients 
may just activate the inhaler several times, prior to handing over the device). It is not until 
recently that a new device has been studied, which seems to overcome this problem, and 
which also analyses inhaler technique, but it is not widely available – INCA device(62). 
Nevertheless, these devices are expensive and their use could not be implemented in our 
study. We therefore decided to use the adherence questionnaire (BMQ), which is a well-
validated tool in several languages worldwide, and also in Portuguese (52). Furthermore, it is 
a very simple and easy method to detect non-adherence, which also allows separating sub-
domains of adherence. Thus, it is a good tool for assessing adherence in our study involving 
the general population of patients with Asthma and COPD. Regarding inhalation technique, 
we decided to use regular checklists, since they are the most widely method used in other 
studies, thereby allowing further comparisons. They are also easy to use and allow detection 
of critical errors in each device. 
The standardisation of the protocol intervention is another issue to be considered. In order to 
overcome different approaches among different investigators from different multicentre 
sites, a protocol with detailed instructions will be created to guide them during the 
intervention (investigators) and assessment visits (secondary investigators). This protocol will 
explain all the steps and procedures for training inhaler technique as well as for assessing it, 
and all the procedures to follow in each visit for assessing the outcomes. 
Primary investigators will be trained in communication techniques related to inhaler 
education of different devices and all of them will have a kit of placebo devices for use with 
participants. Such training will allow the standardisation of all procedures of intervention and 
it will be provided ahead by the coordination team of the study. 
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Ethics and Dissemination 
The study protocol has already been analysed by the local Ethics Committee of University of 
Beira Interior, with the reference number CE-UBI-Pj-2017-025, and was approved on 22th, 
November 2017. 
Every participant will sign a written consent form (Sub-Appendix I). We decided to use “usual 
care” as the main comparator instead of another intervention method, since all 
interventional methods have shown some degree of efficacy in clinically relevant outcomes, 
as previously mentioned. We thus believe that comparing with other education methods 
would minimise the effect detection of our teach-to-goal placebo-device intervention. 
Moreover, all of the randomised studies that included mostly elderly patients also used “usual 
care” as a comparator, which will be important when comparing them with our results. 
However, we highlight the fact that those studies did not use the same age criteria as we are 
using, since they also included non-elderly adult patients in their samples. In addition, they 
did not just focus on inhaler teaching, since they provided additional sessions with other 
programme elements, such as self-management care. There is, thus, insufficient evidence 
about the efficacy of inhaler education as an isolated intervention, and for that reason, our 
approach will be novel and will significantly contribute towards clarifying those issues. 
A Data Safety Monitoring Board will be set up, composed of two external investigators with a 
board expertise in this clinical field and in academic and scientific activities, to evaluate data 
obtained throughout the study. Evaluations will occur every 6 months, whatever the number 
of participants enrolled or the follow-up time reached at that point. The stop earlier criteria 
will be defined as any moment on follow-up in which the collected data show statistically 
significant differences in the primary outcomes. The study may be suspended earlier if 
sufficient data are obtained for at least 6 months of follow-up, or if significant evidence of 
intervention effectiveness is obtained, providing that statistical significance values are met 
by the Bonferroni adaptation. 
Invited participants who refuse to participate will be evaluated at baseline, according to 
previously mentioned characteristics, in order to compare them with the included cohort. 
They will also be invited to sign a written informed consent form that will allow investigators 
to collect such data. The documents used to collect the data of the participants will contain 
only an identification code of each participant, in order to protect their identity. The code of 
each participant must be composed of the initials of the first two names, followed by the last 
two digits of the National Healthcare Service Number (eg. Name FirstSurname 
SecondSurname, 123456789 -------> code "NF89"). 
The number of participants considered ineligible will be recorded, as well as the number of 
eligible participants who refuse to participate in the study. 
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Results obtained from this study will be published in peer-reviewed journals and presented at 
scientific meetings of primary healthcare and respiratory fields. All data recorded during the 
study will be stored for a period of 5 years, in accordance with the Portuguese Clinical 
Research Law, in a safe and proper place in the primary investigator`s health centre. After 
this period, all data that contain participants’ codes will be destroyed. 
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This thesis addresses inhaler technique performance in elderly patients with Asthma and 
COPD, because such patients are in most risk of clinical adverse outcomes. Inhaler technique 
performance has been under study for many years, and it is still regarded as an important 
hallmark for clinical control and exacerbation risk. This work was designed to address it in 
different perspectives, allowing the establishment of five specific aims, whose results 
disclose a comprehensive approach to the issue. Regarding the first two aims, a systematic 
review with metanalysis and a subsequent cost-effectiveness analysis, summarised the 
reported data published so far regarding the effectiveness of inhaler technique educational 
programmes on major clinical outcomes in such patients. In addition, a cross-sectional study 
was undertaken, addressing another two specific objectives, in order to determine major 
predictors of inhaler technique performance and clinical risk in elderly patients. This study 
was performed because it is of most importance to identify patients at increased risk that can 
benefit from such interventions. Lastly, a protocol for a clinical trial was designed to access 
and quantify the true effect of inhaler technique education in major clinical outcomes, 
because most previously reported interventions did not clearly achieve that.   
 
Looking at the results reported in our systematic review, it became clear that inhaler 
technique education programmes can significantly reduce the risk of exacerbations in elderly 
patients. Previous systematic reviews in children and adults reached inconclusive results, 
showing no significant effect on major clinical outcomes (1), and this may be due to the 
higher vulnerability of elderly patients, who have an increased risk for exacerbations and poor 
outcomes. However, results from our systematic review were slightly inconsistent concerning 
improvements in quality of life and symptom control, and that may be due to the 
considerable heterogeneity of reported interventions. In fact, almost all studies addressed 
other aspects besides inhaler technique performance itself, such as self-management 
education, adherence, smoking cessation, influenza vaccination, trigger avoidance and 
exacerbations management. Such dimensions seem to be quite relevant. They may be key 
aspects for disease control in elderly patients, but possibly less in children or younger adults, 
and the evidence is still contradictory in some of them. Some studies pointed out the 
importance of disease self-knowledge in most outcomes (2), but other reports show that it is 
not enough to prevent exacerbations (3). Moreover, our systematic review also raised some 
important questions. It is still unclear which is the true effect of inhaler education as a single 
intervention, as well as the best method to teach inhaler performance and how often should 
it be performed. Most guidelines have not yet reached a consensus about this, and further 
studies are needed in order to establish optimal recommendations. Results from our 
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systematic review also suggest that the elderly may be different than children and adults in 
terms of interventions’ effectiveness, and this may also be due to increased rates of 
comorbidities in elderly individuals, which may be relevant to clinical risk. However, those 
may also be potential confounders (2), and further studies should try to identify optimal 
target populations to different types of interventions. 
This was the first study to report such findings in older adults with Asthma and COPD, and this 
is particularly relevant because projections for the ageing population worldwide reveal the 
important burden they will present to health services. Our cost-effectiveness analysis shows 
that such interventions may generate significant savings from the healthcare providers’ 
perspective, and this may increase to hundreds of million euros in Portugal. Although the true 
costs of intervention programmes may vary among different countries, we were able to 
establish thresholds for affordable interventions, which may be adopted worldwide. These 
results are very timely and relevant, because the cost-effectiveness of inhaler educational 
programmes was not yet fully explored (4). However, the study has some limitations, such as 
the inability to perform a cost-utility based analysis. This would be of most importance to 
reinforce the clinical relevance of the findings (5) as some recent reports   suggested (6). We 
may also have underestimated some indirect costs that were not be easy to estimate, such as 
those related to exacerbations, because they may be influenced by comorbidities and drug 
interactions that elderly patients frequently have. 
 
The scientific evidence is now showing that inhaler technique review in elderly patients is 
very important, playing a key role, but several aspects still need further clarification. One 
significant question that remains is which patients are at a higher risk for inhaler poor 
performance and for clinical poor outcomes. This thesis focuses on such aspects and our 
results bring some clarification regarding the most relevant predictors that should be 
considered in daily practice. Figure 5.1.1 shows the scheme for causal pathways between 
inhaler technique performance and disease outcomes in Asthma and COPD, re-evaluated 
according to our results. 
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Figure 5.1.1 – Conceptual graph of causal pathways between disease onset, inhaler technique 
performance and disease outcomes in Asthma and COPD. Diagram performed according to 
Direct Acyclic Graphs recommendations (7), and re-evaluated taking in account the results of 
this thesis. The variables identified as “drop-out” were the ones that did not reveal 
statistically significant associations in the results of this thesis, and may thus be potentially 
irrelevant, deserving further clarification in causal studies. The single-directional arrows show 
established and suspected causal pathways according to the reported bibliography. The black 
dashed line shows an open pathway between inhaler performance, exposure factors and 
disease outcomes, meaning common true causal inference or potential confounding. AT-
Antitripsine. *Factors which impact is especially relevant on elderly patients. †Comorbidities 
identified as significant both in Asthma and COPD (rhinitis, sinusitis, nasal polyposis, 
gastroesophageal reflux, obesity, depression and anxiety) and comorbidities identified as 
significant mostly in COPD (cardiovascular disease, lung cancer, osteoporosis, musculoskeletal 
diseases, metabolic syndrome, bronchiectasis and sleep apnoea syndrome). ‡Factors which 
impact are especially relevant in COPD. 
 
Regarding inhaler performance itself, it becomes clear that cognitive function plays a key role 
as an independent predictor, and this is in accordance with previous reports, that established 
the association for a long time(8-12). Also, there may be differences in cognitive impairment 
between COPD and Asthma patients and that should be further studied (13). Exacerbations 
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may also contribute to worsening of cognitive function, and this relation may be considered 
for more regular follow-ups for high-risk patients (14, 15). Some aspects may also be 
considered in routine practice in order to personalise inhaler review, such as patient 
empowerment, disease self-knowledge, patient preferences of type of inhaler and previous 
inhaler education (16-19). Adherence may play an important role on inhaler performance, and 
that has been previously established (20). However, many other factors may influence 
adherence, such as medication costs, education level, previous adverse events and patient 
beliefs and perceptions about its importance (20, 21). Adherence may be intentional (usually 
due to patients’ beliefs and attitudes), or unintentional (i.e. forgetting to take the drug), and 
this should be considered by clinicians before prescription, in order to deliver more 
personalised and efficient interventions (22). Several tools may be used to check adherence, 
and the most common are questionnaires or electronic devices (23, 24). All of them may be 
suitable, but further research is needed to test their effectiveness in real-world. Patients 
with other comorbidities besides Asthma or COPD also seem to have worse inhaler 
performance. This was previously reported (25, 26), but the true reason for that is still 
unclear. It must be considered that comorbidities may still play some confounding effect, 
because they also influence clinical outcomes. 
The choice of an inhaler should consider individual profile and patients’ characteristics, and 
be suitable to their ability to use them (27-29). Although more evolved and simpler devices 
became available on the market in the last few decades, inhaler performance has not 
improved over time (30) and errors are committed by all types of patients using different 
devices (31). However, there may be some differences in some type of inhalers. For instance, 
some studies suggest that pMDI may be better used when coupled to a spacer (31), with less 
critical errors committed. Other studies point out the superiority of DPIs and BAIs (32-34), but 
these may also be more expensive (32). BAIs may in fact overcome some difficulties of pMDI 
on the adequate coordination of drug activation. In our study we found no significant 
differences among different device types. New DPI devices are available on the market in the 
last few years, trying to simplify drug activation steps and inhalation flow, and those may 
play an important role on performance itself (35, 36). 
Teaching patients how to correctly use their inhalers is extremely important, but this can 
only be achieved if we have well prepared healthcare professionals to deliver it in real 
clinical practice. This issue has been under research for many years, and it is quite clear that 
there is a significant variability in professionals’ ability to detect inhaler performance errors, 
both among pharmacists (37) and doctors (38). Healthcare professionals tend to 
underestimate this topic, and they quickly lose the skills over time if they do not practice 
them regularly (39, 40). In addition, all healthcare professionals that deal with these patients 
should be involved in teaching, not only pharmacists or doctors, but also nurses (41) and 
respiratory therapists (42). Healthcare professionals now have many different tools to 
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improve their knowledge and to learn new skills alongside their career, but some studies 
highlight the need to invest in an early stage of education. Younger students seem to be 
highly prone to learning inhaler technique skills (43-45), and, thus, educational programmes 
may be designed for them. 
 
It is not only important to recognise the most relevant predictors of inhaler performance, but 
it is also of paramount importance to identify true predictors of disease outcomes. Our results 
highlight the importance of some of those aspects, such as the presence of other 
comorbidities, depression and anxiety, and it is, indeed, well established that they worsen 
disease control (25, 46, 47). Also, we found that educational level and empowerment may 
play an important role in disease outcomes, and placebo face-to-face education may help to 
overcome some barriers (48). Previous reports also highlight the same findings (2, 49). 
However, some studies suggest that self-knowledge and the patient’s ability to learn new 
skills does not improve major outcomes (3, 50). 
Another important aspect that has been under recent discussion is the difference between 
critical and non-critical errors. In fact, some reports show that up to 50% of patients commit 
critical errors (51, 52), and most studies do not report them. Also, only half of the reported 
studies use appropriate checklists for inhaler performance evaluation (53, 54). Our results 
identify as the most important steps for lung function (measured in FEV1% of predicted 
values), but not for clinical control, the wrong dose activation and an absent end pause, and 
these are more relevant on patients using pMDI without spacer and DPIs. Previous reports 
have highlighted similar findings (52, 55), but that should also be addressed in a more specific 
approach in future studies. Although cognitive function was detected as an important 
predictor for inhaler performance, but not for clinical outcomes, some studies also suggest 
that it may influence the ability to self-manage COPD (56). Evaluating clinical risk and clinical 
outcomes in elderly patients is a challenge for clinicians, because many aspects should be 
considered in a comprehensive management. Some studies have investigated simpler 
approaches to estimate individual risk for elderly patients, such as through the identification 
of important biomarkers, and that may play an important role in the near future (57). 
 
Comparing the conceptual graph of causal pathways in figure 5.1.1 before and after analysing 
our results, we may identify some predictors of inhaler performance and disease outcomes 
that may “drop out” from the equation, such as: ageing, frailty, lung function, socioeconomic 
disability, disease duration, living alone, using multiple devices, inhaler patient preferences 
and device type. Some of these predictors have been identified as important variables to be 
considered in previous studies, as we already mentioned. 
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Our results now suggest that the confidence of such findings may be uncertain. In fact, 
considering the limited time that clinicians have available to perform patient centred 
evaluations, is it of paramount importance to develop individualised guidelines for risk 
assessment, in order to optimise disease outcomes. On the other hand, there are some 
potential confounders that were not truly clarified in our study, regarding their predictive 
role for both inhaler performance and clinical outcomes. The most important ones are 
comorbidities and adherence. This lack of robustness may be due to the cross-sectional design 
or the relatively limited sample size of our study. Thus, these aspects should be further 
investigated by true causal study designs.  
 
Our results highlight the benefit and cost-effectiveness of inhaler technique educational 
interventions on major clinical outcomes, as well as the importance of patients’ individual 
characteristics on both dimensions. However, some questions still arise regarding elderly 
patients. First, the true effect of inhaler technique education as a stand-alone intervention 
should be further assessed. Second, some key predictors of both inhaler performance and 
clinical outcomes should be properly controlled in order to clarify their role in causal 
pathways. Lastly, the optimal frequency for inhaler review should also be evaluated in order 
to assess its effectiveness over time. 
In fact, most studies performed in elderly patients are non-randomised, with a short follow-
up, and include more interventional aspects besides inhaler technique review. The best-
designed studies, such as RCT’s with large samples, among adult patients, have shown 
contradictory findings. The RCT by Armour et al (58) and Garcia-Cardenas et al (59) have 
shown a positive impact of a placebo device training on clinical outcomes, but the follow-up 
was only six months. The longest follow-up was observed in the randomised trial by Hesselink 
et al. (60), in which patients were observed for two years with a placebo device based 
intervention, but no significant impact was observed in clinical outcomes. Regarding 
exacerbations as the primary outcome, no study addressed it with more than six months 
follow-up. Regarding the elderly, the best-designed study, with a randomised design and a 
significant sample size, by Tommelein et al (61) has shown a positive impact on severe 
exacerbations after three months. However, it is unclear if that effect would be sustained 
after a longer follow-up period. Two other RCT’s, by Bourbeau et al (62) and Khdour et al (63) 
addressed it in a 12-month follow-up, finding a positive impact on risk reduction. 
Nevertheless, all those studies only included COPD patients, who naturally have more 
exacerbations than patients with Asthma. In addition, a recent systematic review regarding 
the impact of inhaler technique education in children and adult patients revealed no 
significant benefit in clinical outcomes (1), and this highlights the need to test those 
interventions in elderly patients. Most studies included in that systematic review did not 
incorporate the optimal design characteristics, as previously mentioned. Also, some 
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international guidelines highlight the need for regular review and longer follow-up 
assessments (64, 65). 
In this thesis we propose a protocol for a single-blinded randomised controlled trial, that aims 
to assess the impact of a single placebo device training intervention, delivered regularly in 
elderly patients with Asthma or COPD, on major clinical outcomes after a one-year follow-up, 
when compared with real-life care. This study will try to overcome many potential biases 
detected in previous works, in order to quantify the real benefit of inhaler technique 
education. However, due to the inherent nature of the intervention, such study will not be 
blinded to the participants, who will suffer from the Hawthorne effect, introducing some 
performance bias. On the other hand, the importance of adherence rate should be stressed, 
as it might have biased the results from previous work. In this trial the authors intend to 
minimise non-adherence using email and telephone communication with patients and to 
control for that factor (23, 66). Another important issue to be considered is patients’ 
educational level and disease self-knowledge. Although this will not be an issue addressed in 
the intervention, it will be controlled as a potential confounder or effect modifier. Many tools 
may be used to teach inhaler technique in elderly patients, and some studies suggest that 
face-to-face education may overcome some of the main barriers previously mentioned (48). 
Although most studies suggest that placebo device is the best method, recent reports 
highlight the potential benefit of videos (67). In addition, as technology evolves, new virtual 
and multimedia tools may also be considered (68, 69), as well as videoconferencing and 
telemedicine (70). 
 
Our results bring up for discussion many issues that should be further investigated in elderly 
patients, but most of such questions are still in the grey zone regarding younger adults and 
children. For that reason, studies comparing such different populations may be conducted, in 
order to clarify the need for a more personalized health care delivery. Also, significant 
differences in most of the outcomes here reported may exist between Asthma patients and 
COPD patients, and that may be due to the disease pathophysiology itself or to patients’ 
different profiles. New routes may arise regarding the management of patients with Asthma 
or COPD in clinical practice. As primary health care professionals gain more experience 
dealing with them, scientific knowledge is widening the ground for a more accurate and 
personalised patient centred medicine. 
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Conclusion and Final Remarks 
 
This thesis gives a comprehensive insight on inhaler technique performance in elderly patients 
with Asthma and COPD. 
The results highlight that educational interventions with inhaler review may significantly 
reduce the risk for exacerbations in the elderly. In addition, a regular programme of annual 
appointments with a nurse and a doctor is cost-effective, generating significant savings from 
the healthcare providers’ perspective. However, according to previous reports, such 
educational programmes should include other aspects besides inhaler technique performance 
itself, such as self-management education, adherence improvement, trigger avoidance, and, 
in selected cases, pulmonary rehabilitation. The true effect of inhaler performance education 
alone is still unclear. 
Our study also identified patients at higher risk for poor inhaler performance and bad clinical 
outcomes. Regarding inhaler performance itself, the most important aspects to consider in 
clinical practice may be cognitive function, previous inhaler education, adherence and the 
presence of other comorbidities with respiratory impact. Regarding the main disease 
outcomes and clinical risk, the most important aspects to consider in clinical practice are the 
presence of comorbidities with respiratory impact, depression, anxiety, educational level and 
patient empowerment, smoking status and an inadequate inhaler use, mainly with critical 
errors. 
There is enough evidence to suggest that regular inhaler review should be performed in 
elderly patients with Asthma or COPD, mainly those with a high-risk profile. In addition, all 
healthcare professionals must be trained in proper inhaler educational skills, as well as in the 
ability to manage features that predict the most relevant outcomes.  
In the light of such findings, longitudinal studies must be designed to establish true causal 
pathways of the most important predictors for inhaler performance and for disease outcomes, 
which should consider differences in patient profiles. In addition, critical errors must be 
clarified, since they may be the target for simpler and quicker interventions in clinical 
practice. Finally, well designed randomised control trials should clarify the true effect of 
inhaler education as single interventions, and how often they should be delivered to patients. 
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Appendix II – Approvals from Ethics Committee, Local Health 
Administrations; Data Protection Authority; and permissions for the use of 
questionnaires. 
 
University of Beira Interior ethics committee: 
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Centro regional administration ethics committee: 
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North regional administration ethics committee: 
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Lisbon and Tagus Valley regional administration ethics committee: 
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Data Protection Authority: 
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Permissions for the use of questionnaires: 
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Appendix III – Material used throughout the study on objectives three and 
four (informed consent form, questionnaires applied to participants and 
checklists for inhaler performance evaluation) 
 
Informed consent form: 
 
Consentimento Informado nos termos da Norma nº 015/2013 da DGS 
 
Estudo “Técnica inalatória em idosos com Asma e DPOC – uma ferramenta 
preditiva de desempenho e risco clínico” 
 
A sua unidade de saúde convidou-o a participar no estudo “Técnica inalatória em idosos 
com Asma e DPOC – uma ferramenta preditiva de desempenho e risco clínico.”. Foi 
convidado para participar neste estudo porque se trata de um doente com uma doença 
respiratória crónica (como Asma ou DPOC) e está a ser medicado com um dispositivo 
inalatório diariamente. 
Os objectivos deste estudo são: 
 Verificar se utiliza correctamente o seu dispositivo inalatório. 
 Identificar os factores e características que estão associados à forma como usa o seu 
dispositivo e à forma como a sua doença está controlada. 
 
Aceita fornecer os seus dados pessoais aos investigadores conforme solicitados nos 
questionários apresentados, e que pretendem comparar as diferentes características dos 
participantes entre si. O potencial benefício que vai gerar ao nos fornecer os seus dados é 
ajudar a investigação científica a melhorar o controlo clínico das doença respiratórias, 
melhorar a capacidade respiratória dos doentes e diminuir o risco de crises de agudização 
graves e potencialmente fatais. Não existem riscos significativos para a sua saúde. 
O estudo será conduzido na sua Unidade de Saúde com o investigador responsável 
abaixo-assinado e este será a única pessoa a ter acesso aos seus dados identificativos, 
ficando salvaguardado o anonimato dos seus dados para futuras publicações científicas. 
Este estudo é isento de qualquer fonte de financiamento ou remuneração aos 
investigadores e é coordenado por uma equipa de investigadores, sendo o Dr. Tiago 
Maricoto (USF Aveiro-Aradas, Aveiro) o investigador principal e os restantes elementos 
o Dr. Luís Taborda Barata (Hospital Universitário Cova da Beira, Covilhã) e o Dr. Jaime 
Correia de Sousa (USF Horizonte, Matosinhos). 
 
______________________________________________________________________ 
[Parte declarativa do profissional] 
Confirmo que expliquei à pessoa abaixo indicada, de forma adequada e inteligível, os 
procedimentos necessários ao ato referido neste documento. Respondi a todas as questões 
que me foram colocadas e assegurei-me de que houve um período de reflexão suficiente 
para a tomada da decisão. Também garanti que, em caso de recusa, serão assegurados os 
melhores cuidados possíveis nesse contexto, no respeito pelos seus direitos.  
 
Nome legível do profissional de saúde: |_____________________________________|  
Assinatura, nº de cédula profissional/mecanográfico: …………………………….... 
Unidade de Saúde: __________________ 
Contato institucional do profissional de saúde: _______________ 
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À Pessoa/representante  
Por favor, leia com atenção todo o conteúdo deste documento. Não hesite em solicitar 
mais informações se não estiver completamente esclarecido/a. Verifique se todas as 
informações estão corretas. Se tudo estiver conforme, então assine este documento.  
 
[Parte declarativa da pessoa que consente]  
Declaro ter compreendido os objetivos de quanto me foi proposto e explicado pelo 
profissional de saúde que assina este documento, ter-me sido dada oportunidade de fazer 
todas as perguntas sobre o assunto e para todas elas ter obtido resposta esclarecedora, 
ter-me sido garantido que não haverá prejuízo para os meus direitos assistenciais se eu 
recusar esta solicitação, e ter-me sido dado tempo suficiente para refletir sobre esta 
proposta. Autorizo/Não autorizo (riscar o que não interessa) o ato indicado, bem como 
os procedimentos diretamente relacionados que sejam necessários no meu próprio 





Assinatura ………………………………………….....   ……/……/……… (data) 
 
 
SE NÃO FOR O PRÓPRIO A ASSINAR POR IDADE OU INCAPACIDADE 
(se o menor tiver discernimento deve também assinar em cima)  
NOME: ............................................................................................................................ 
DOC. IDENTIFICAÇÃO N.º ....................... DATA OU VALIDADE ….. /...… /…..... 




O presente documento é emitido em duplicado, ficando um na posse do participante, e 
outro arquivado pelos investigadores em local próprio na Unidade Presente. 
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Questionnaires applied to participants: 
 





CARAT – control of allergic rhinitis and asthma test 
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CAT – COPD assessment tool 
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Geriatric depression scale 
 
 
INHALER TECHNIQUE PERFORMANCE IN ELDERLY PATIENTS WITH ASTHMA AND COPD 
 226 
  
Fraily syndrome scale 
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Checklists for inhaler performance evaluation: 
 
 
DISPOSITIVO PRESSURIZADO DE DOSE CALIBRADA (PMDI) 
SEM CÂMARA EXPANSORA (CE) 
 
1. Retirar a tampa  
2. Agitar o inalador  
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação lenta  
6. Ativar o inalador após iniciar a inalação  
7. Manter a inalação durante 5 segundos até encher os pulmões  
8. Manter a respiração suspensa o máximo tempo possível e confortável  
9. Recolocar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Não agitar o inalador  
 Inalar demasiado rápido  
 Ativar o inalador antes de iniciar a inalação (má coordenação)  






PMDI + CE EM INALAÇÃO ÚNICA 
 
1. Retirar a tampa  
2. Agitar o inalador  
3. Inserir o dispositivo na câmara, na vertical e virado para cima  
4. Esvaziar completamente os pulmões com a boca fora do bucal  
5. Colocar os lábios em torno do bucal com os dentes afastados  
6. Ativar o inalador e iniciar uma inalação lenta  
7. Manter a inalação durante 5 segundos até encher os pulmões  
8. Manter a respiração suspensa o máximo tempo possível e confortável  
9. Retirar o inalador da câmara e recolocar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Não agitar o inalador  
 Inalar demasiado rápido  
 




PMDI + CE EM INALAÇÃO MÚLTIPLA 
 
1. Retirar a tampa  
2. Agitar o inalador  
3. Inserir o dispositivo na câmara, na vertical e virado para cima  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar respiração em volume corrente  
6. Ativar o inalador  
7. Manter a respiração em volume corrente durante 10 segundos (2 a 3 
ciclos) 
 
8. Retirar o inalador da câmara e recolocar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Não agitar o inalador  






1. Retirar a tampa  
2. Agitar o inalador  
3. Ativar o inalador, levantando a patilha superior  
4. Esvaziar completamente os pulmões com a boca fora do bucal  
5. Colocar os lábios em torno do bucal com os dentes afastados  
6. Iniciar uma inalação lenta e continuar após ouvir um “click”  
7. Manter a inalação durante 5 segundos até encher os pulmões  
8. Manter a respiração suspensa o máximo tempo possível e confortável  
9. Recolocar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Não agitar o inalador  
 Inalar demasiado rápido  
 Parar a inalação logo após ouvir o “click”  
 Parar a inalação logo após a libertação do fármaco (efeito coldfreon)  
 




RESPIMAT- SMI (NÉVOA SUAVE) 
 
1. Segurar o inalador na vertical com a tampa fechada  
2. Rodar a base até ouvir um “click” para activar a dose  
3. Abrir a tampa  
4. Esvaziar completamente os pulmões com a boca fora do bucal  
5. Colocar os lábios em torno do bucal com os dentes afastados  
6. Iniciar uma inalação lenta  
7. Ativar o inalador após iniciar a inalação  
8. Manter a inalação durante 5 segundos até encher os pulmões  
9. Manter a respiração suspensa o máximo tempo possível e confortável  
10. Fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Não ativar o inalador (rodando a base)  
 Inalar demasiado rápido  
 Ativar o inalador antes de iniciar a inalação (má coordenação)  








1. Abrir a tampa  
2. Ativar o inalador na vertical rodando a base para a frente e para trás  
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação rápida e profunda até encher os pulmões  
6. Manter a respiração suspensa o máximo tempo possível e confortável  
7. Fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Ativar o inalador na posição horizontal  
 Soprar para dentro do inalador  
 Agitar ou virar o inalador ao contrário depois de ativar a dose  
 




DISKUS / ACCUHALER 
 
1. Abrir a tampa  
2. Ativar o inalador clicando na patilha até ao fim  
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação rápida e profunda até encher os pulmões  
6. Manter a respiração suspensa o máximo tempo possível e confortável  
7. Fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Soprar para dentro do inalador  
 Agitar ou virar o inalador ao contrário depois de ativar a dose  
 Clicar na patilha de ativação para a frente e para trás varias vezes 
seguidas 
 
 Parar a inalação ao sentir o fármaco ser libertado  
 
 
AEROLIZER / HANDIHALER / BREEZHALER 
 
1. Abrir a tampa  
2. Colocar a cápsula no compartimento interno  
3. Perfurar a cápsula clicando no botão, com o inalador na posição 
vertical 
 
4. Esvaziar completamente os pulmões com a boca fora do bucal  
5. Colocar os lábios em torno do bucal com os dentes afastados  
6. Iniciar uma inalação rápida e profunda até encher os pulmões  
7. Manter a respiração suspensa o máximo tempo possível e confortável  
8. Verificar se a cápsula está vazia. Se não estiver, repetir 4 a 7.  
9. Retirar a cápsula e fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Ingerir a cápsula  
 Soprar para dentro do inalador  
 Agitar ou virar o inalador ao contrário depois de ativar a dose  
 Premir o botão que perfura a cápsula durante a inalação (a cápsula 
fica imóvel) 
 
 Parar a inalação ao sentir o fármaco ser libertado  
 






1. Segure o inalador na vertical com a tampa para baixo  
2. Abrir a tampa até ouvir um “click”  
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação rápida e profunda até encher os pulmões  
6. Manter a respiração suspensa o máximo tempo possível e confortável  
7. Retirar a cápsula e fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Soprar para dentro do inalador  
 Agitar ou virar o inalador ao contrário depois de ativar a dose  






1. Abrir a tampa com o inalador na vertical  
2. Esvaziar completamente os pulmões com a boca fora do bucal  
3. Colocar os lábios em torno do bucal com os dentes afastados  
4. Iniciar uma inalação rápida e profunda até encher os pulmões  
5. Manter a respiração suspensa o máximo tempo possível e confortável  
6. Fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Soprar para dentro do inalador  
 Agitar ou virar o inalador ao contrário depois de ativar a dose  
 





1. Abrir a tampa  
2. Ativar o inalador pressionando o botão superior, na posição vertical  
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação rápida e profunda até encher os pulmões  
6. Manter a respiração suspensa o máximo tempo possível e confortável  
7. Fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Soprar para dentro do inalador  




NOVOLIZER / GENUAIR 
 
1. Abrir a tampa  
2. Pressionar e libertar o botão superior até ouvir “click” par activar o 
inalador (a janela deve ficar verde) 
 
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação rápida e profunda até encher os pulmões  
6. Manter a respiração suspensa o máximo tempo possível e confortável  
7. Confirmar que a janela passa da cor verde para vermelho  
8. Fechar a tampa  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Soprar para dentro do inalador  
 Parar de inalar ao ouvir o “click” inicial da libertação do fármaco  
 





BUDESONIDO DA FARMOZ® 
 
1. Retirar a tampa branca do inalador.  
2. Pressionar a tampa castanha para ativar, com o bocal virado para 
baixo 
 
3. Esvaziar completamente os pulmões com a boca fora do bucal  
4. Colocar os lábios em torno do bucal com os dentes afastados  
5. Iniciar uma inalação rápida e profunda até encher os pulmões  
6. Manter a respiração suspensa o máximo tempo possível e confortável  
7. Fechar a tampa rodando-a no sentido dos ponteiros do relógio  
 
Erros mais frequentes (assinalar se estiverem presentes): 






1. Abrir a tampa do inalador deslizando-a até ouvir um “click”.  
2. Esvaziar completamente os pulmões com a boca fora do bucal  
3. Colocar os lábios em torno do bucal com os dentes afastados  
4. Iniciar uma inalação rápida e profunda até encher os pulmões  
5. Manter a respiração suspensa o máximo tempo possível e confortável  
6. Fechar a tampa deslizando-a no sentido oposto.  
 
Erros mais frequentes (assinalar se estiverem presentes): 
 Soprar para dentro do inalador  
 






1. Abrir a tampa do inalador  
2. Ativar a dose levantando a extremidade da alavanca branca e 
rodando-a até ouvir um “click“ 
 
3. Feche a alavanca branca, rodando-a para a sua posição original, até se 
ouvir novamente outro “click” 
 
4. Esvaziar completamente os pulmões com a boca fora do bucal  
5. Colocar os lábios em torno do bucal com os dentes afastados  
6. Iniciar uma inalação rápida e profunda até encher os pulmões  
7. Manter a respiração suspensa o máximo tempo possível e confortável  
8. Fechar a tampa do inalador.  
 
Erros mais frequentes (assinalar se estiverem presentes): 
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Appendix IV – Published article and supplementary material of objective 
one: 
“Inhaler technique education and exacerbation risk in older adults with Asthma or COPD: a 
Meta-analysis”: 
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Sub-appendix S1 – Search strategy used: 
 
 
 In MEDLINE: 
o MeSH terms approach: ("Nebulizers and Vaporizers"[Mesh]) AND 
("Asthma"[Mesh] OR "Pulmonary Disease, Chronic 
Obstructive"[Mesh]) 
o Article Types: Clinical Trial, Comparative Study, Controlled Clinical 
Trial,  
o Pragmatic Clinical Trial, Randomized Controlled Trial 
o Trial; Systematic Reviews 
o Species: Humans 
o Age: Aged: 65+ years 
 
 In CENTRAL: 
o #1  : MeSH descriptor: [Nebulizers and Vaporizers] explode all trees 
o #2  : Nebulizers and Vaporizers 
o #3  : Inhaler 
o #4  : MeSH descriptor: [Asthma] explode all trees 
o #5  : Asthma 
o #6  : MeSH descriptor: [Pulmonary Disease, Chronic Obstructive] 
explode all trees 
o #7  : Pulmonary Disease, Chronic Obstructive 
o #8  : #1 or #2 or #3 
o #9  : #4 or #5 or #6 or #7 
o #10: MeSH descriptor: [Aged] explode all trees 
o #11: Elderly 
o #12: #8 and #9 and (#10 or #11) 
o Article Types filter: Trials 
 
 In EMBASE: 
o 'nebulizer'/exp AND ('asthma'/exp OR 'chronic obstructive lung 
disease'/exp) AND ([english]/lim OR [portuguese]/lim) AND ([aged]/lim 
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Sub-appendix S2 - Quality asessment and risk of bias table: 
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Sub-appendix S3 – Complete data of selected studies: 
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Sub-appendix S4 – Trial Sequential Analysis: 
 
 
Trial sequential analysis on the primary outcome, exacerbation risk reduction, with a 
two-sided graph. The required information size to demonstrate or reject a 25% relative 
risk reduction in benefit on inhaler technique review with a usual care group proportion 
of 58,2%, an alpha of 5% and a beta of 80% is 527 patients (vertical etched line), and 
according to heterogeneity index found in meta-analysis. The curved etched lines 
represent the trial sequential monitoring boundaries and the futility boundaries. The 
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Appendix V – Published article of objective two: 
“Inhaler review in elderly with Asthma or COPD – a cost-effectiveness study and a 
perspective in Portugal”: 
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Appendix VI – Published article of objective five: 
“Inhaler technique education in elderly patients with Asthma or COPD: impact on disease 
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Sub-appendix I - Informed consent form: 
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